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7.1   POLICIES 

7.1.1   Introduction 

Some physical characteristics of a drainage facility depend in large part to the rate of discharge 
the facility is designe to convey. Before designing any drainage elements or facilities the 
engineer needs to estimare the rates of runoff and their frequency for the specific site.  

This section is a summary of UDOT’s policies for hydrologic analysis to guide the designer in 
completing an hydrologic analysis 

7.1.2   Site Data 

Typical data to be included in hydrologic studies are topographic maps, aerial photographs, 
streamflow records, historical high-water elevations, flood discharges and locations of hydraulic 
features (e.g., reservoirs, water projects, designated or regulatory floodplain areas). 
Identification of the least damaging practicable drainage alternative will include consideration of 
the environmental impacts of various alternatives. For a more detailed discussion of this aspect 
of design refer to Chapter 10 of Reference (1). 

7.1.3   Flood Hazards 

Perform a hydrologic analysis prior to identifying special flood hazard areas. Use the 
appropriate hydrologic models from those included in this Chapter to calculate the 100-year 
flood flows for later identification of special flood hazard areas and safe drainage routes and 
locations to dispose of such flood flows.   

7.1.4   Coordination 

Coordinate with local entities and agencies the planning and design of highway drainage 
facilities. Accommodate established drainage masterplans to the extent practicable. Share data 
and experiences with other involved agencies within project areas to assist in the completion of 
accurate hydrologic analysis.  

7.1.5   Documentation 

Fully document the results of the hydrologic analysis of all drainage structures 24 inches in 
diameter and larger.  Include drainage area, design flow and frequency as well as key flowline 
and water surface elevations. Save in the project file maps, pictures, aerial photographs, 
exhibits, calculations and other relevant documents needed to identify and justify hydrologic 
study assumptions and results.  

7.1.6   Evaluation of Runoff Factors 

Evaluate and include the following for all hydrologic analyses: 

• drainage basin characteristics including size, shape, slope, land use, geology, soil type, 
surface infiltration and storage; 

• stream channel characteristics including geometry and floodplain configuration, natural and 
artificial controls, channel modifications, aggradation/degradation trends and ice and debris 
evaluations; and 
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• precipitation amounts and types (rain, snow, hail or combinations thereof),  intensity, 

duration and frequency (idf) data or  time rate of precipitation (hyetograph) as dictated by 
the hydrologic modeling method adopted. 

7.1.7   Flood History 

For all hydrologic analysis, consider the flood history of the area and the effect of these 
historical floods on existing and proposed structures. Include the historical floods and the flood 
history of any existing structures. 

7.1.8   Hydrologic Methods 

The estimation of flood flows for various recurrence intervals is one of the most common tasks 
faced by Engineers when designing highway drainage facilities. The methods can be divided 
into two basic categories:  

1. Gaged. Highway crossings near gaging station with  a fairly complete and sufficiently 
long record. In Utah this is a relatively rare occurrence.  

2. Ungaged. Highway crossing not near a gaging station or near one with insufficient 
records. This situation is very common in Utah and methods of determining peak flows 
for ungaged drainage basins are addressed in this chapter.  

Many hydrologic methods are available to estimate the runoff for a prticular storm event. These 
can be divided in four types: 1.  Probabilistic, 2. Deterministic, 3.  Conceptual or 4.  Parametric 
methods.  

1.  Probabilistic. They use the laws of probability. Probabilistic methods include two kinds: 
statistical or stochastic models. The statistical treat individulal flow observations or precipitation 
events while the stochastic deal with the random structure observed within various hydrologic 
time series.  A purely statistical modeling approach always requires data; the more data is 
available the better the model. Log Pearson Type III method is a statistical method, since the 
parameters of the frequency distribution are evaluated from the observed data.  

A stochastic model uses known stochastic characteristics of hydrologic processes to develop 
useful results. Stochastic methods have been used for the synthetic generation of hydrologic 
time series such as seasonal stream flows and are especially useful for resovoir or volume 
related tasks. 

2.  Deterministic. These methods attempt to simulate hydrologic phenomena by directly 
modeling the fundamental physical processes and laws involved. The applicability or lack 
thereof of deterministic models revolves around how well they handle the inherent variability in 
time and space of precipitation and of the variation of the natural ground upon which it falls. 
Probabilistic models use a wholly different approach to handle variability. 

3.  Conceptual.  These are simplifications of complex processes, which use only the most 
influential key parameters. Conceptual models can be thought of as practical simplified 
deterministic models and are among the most commonly used methods.  The rational method is 
an example of such a simple deterministic model.  

4. Parametric or “empirical”.  These are the most widely used of the available methods. 
The applicability of empirical models depends on the nature and the range of the data used to 
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find the parameter values. Examples of parametric models include the USGS NFF regression 
equations. 

Use any of the methods listed Table 7-1, according to the application. Calibrate the method to 
local conditions and test for accuracy and reliability. 

TABLE 7-1 ⎯ Recommended Hydrologic Methods 
Cat. Model Name Model Type and 

Characteristics 
Area 

Limitations  
Other Limitations 

Log Pearson 
Type III 
Methods 

Probabilistic.  
Based on the mean, 
standard deviation & skew 
coefficient of the logarithms 
of the flood record.  

Small to Large 
Drainage Areas 

Desirable lengths of 
record are: 

10 yrs for Q10 15 yrs 
for Q25 20 yrs for Q50 
25 yrs for Q5100 

G
A

G
ED

 

Unit 
Hydrograph 
Methods 

Probabilistic. 
Assume uniform spatial 
distribution of precipitation. 
To capture the peak flow 
multiple hydrographs must 
be evaluated, for storms of 
different durations  

Small to 
Midsize 
Drainage Areas 
(< 3 sq. miles)  

negligible channel 
storage  

 

U
N

G
A

G
ED

 

HEC-1 Flood 
Hydrograph 
Package 

Deterministic. 
HEC-1 utilizes 
interconnected 
hydrologic/hydraulic 
components to model storm 
events.  

Midsize to 
Large Drainage 
Areas 

Lack of sufficient 
detailed field data 

Cat. Model Name Model Characteristics Area 
Limitations  

Other Limitations 

SCS TR-55 Deterministic. 
Based on the Runoff Curve 
Number method, Unit 
Hydrograph techniques & 
simplified channel routing 
procedures  

Small to 
Midsize Rural & 
Urban Drainage 
Areas  

Graphical Method 
Tc ≥ 5 min. Tc ≤ 10 
hours peak Q only 

Tabular Method  
Tc ≥5 min. Tc ≤ 2 
hours for peak Q  & 
hydrograph 

G
A

G
ED

 

SCS TR-20 
“Computer 
Program for 
Project 
Formulation 
Hydrology” 

Deterministic. 
Based on the Runoff Curve 
Number method, Unit 
Hydrograph techniques & 
simplified channel routing 
procedures 

Small to 
Midsize 
Drainage Areas 

 

Tc‘s of 10 minutes to 
10 hours 
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NFF 
Regression 
Equations 

Parametric.  
Based on similar gaged 
rivers in the region 

Midsize 
Drainage Areas 

Applicability limited to 
undeveloped 
watersheds 

UDOT 
Regression 
Equations  

Parametric.  
Based on similar gaged 
rivers in the region 

Small to 
Midsize 
Drainage Areas 

Applicability limited to 
undeveloped 
watersheds 

Rational 
Method 

Conceptual model  
Assumptions: Uniform 
precipitation both time & 
space; the storm duration is 
>Tc  

Small Drainage 
Areas <300 
acres Tc‘s < 1 
hour 

Negligible channel 
storage  

 

Runoff Curve 
Number (CN) 
Method 

Essentially a conceptual 
model. Runoff is evaluated 
as a function of total 
precipitation and abstraction 
represented by CN which 
varies with soil & vegetation 
types etc 

Small to 
Midsize 
Drainage Areas 
(< 40 sq. miles) 

 

 
Use the 100-yr discharges specified in the FEMA flood insurance study to analyze the impacts 
of a proposed crossing on a regulatory floodway. If these discharges are outdated, use 
discharges based on current calculations after procuring regulatory approvals. 

7.1.9   Design Frequency 

Select a design frequency according with the facility’s traffic volume, level of service, budgetary 
constraints and the magnitude of risk associated with damages from larger flood events. Special 
consideration may be given for long highway routes with no practical detours, where many sites 
are subject to independent flood events, it may be necessary to increase the design frequency 
return period at each site to avoid frequent route interruptions from floods.  Similarly, when 
selecting a design frequency, consider potential upstream land use changes that could 
reasonably occur over the anticipated life of the drainage facility.   

7.1.10   Economics 

Calculate the runoff for several design flood frequencies for the hydraulic design. Considers 
both risk of damage and construction cost when choosing a design frequecy other than those 
specified in this policy. Maintain consistency with the flood frequency used to design other 
structures along a highway corridor. 

7.1.11   Structure Foundation Review Frequency 

Provide flood flow estimates for foundation stability calculations. Bridges and similar major 
structures require foundation stability checks for the 1% probability flood event and/or the 
superflood; or lower recurrence interval if more critical.  The 1% probability corresponds to the 
so called 100-year flood, and the surperflood is the 500-year, 0.2% probablity event. 
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7.2   OVERVIEW 

7.2.1   Introduction 

Hydrologic analysis is an estimate of the actual flow generated by precipitation in a basin. The 
relationship between the amount of precipitation on a drainage basin and the amount of runoff 
from the basin is complex, and too little data are available on the factors influencing the rural 
and urban rainfall-runoff relationship to expect exact solutions.  The analysis of the peak rate of 
runoff, volume of runoff and time distribution of flow is fundamental to the design of drainage 
facilities. Errors in the estimates will result in a structure that is either undersized and causes 
more drainage problems or oversized and costs more than necessary.  

7.2.2   Definition 

Hydrology is generally defined as a science that addresses the interrelationship between water 
on and under the earth and in the atmosphere. This Manual addresses estimating flood 
magnitudes as the result of precipitation. In the design of highway drainage structures, floods 
are usually considered in terms of peak runoff or discharge in cubic feet per second (ft3/s) and 
hydrographs as the variation of discharge over  time. The entire discharge hydrograph is 
significant for structures that are designed to control the volume of runoff (e.g., detention 
storage facilities) or where flood routing through culverts is used. Wetland Hydrology, the water-
related driving force to create wetlands, is addressed in Chapter 10 of Reference (1). 

7.2.3   Factors Affecting Floods 

Many variable factors affect runoff and floods. Consider the following factors when estimating 
runoff, individually, site by site: 

• rainfall amount and storm distribution; 
• drainage area size, shape and orientation; 
• ground cover and soil type; 
• slopes of terrain and stream(s); 
• antecedent moisture condition; 
• storage potential (overbank, ponds, wetlands, reservoirs and channel); 
• watershed development potential; 
• type of precipitation (rain, snowmelt, hail or combinations thereof); and 
• elevation and mixed-population events. 
 
7.2.4   Sources of Information 

The type and source of information available for hydrologic analysis varies from site to site.  The 
designer is responsible to determine what information is available and applicable to a particular 
analysis. See the Data Collection Chapter for a comprehensive list of data sources. 

7.3   SYMBOLS AND DEFINITIONS 

To provide consistency within this chapter and throughout this Manual, the symbols in Table 7-2 
will be used. These symbols have been selected because of their wide use in hydrologic 
publications.  



UDOT Manual of Instruction – Roadway Drainage (Customary Units), Hydrology  7-9 
 
 

TABLE 7-2 ⎯ Symbols and Definitions 
 

Symbol Definition Units 

A Drainage area acre, mi2

BDF Basin development factor %
C Runoff coefficient -
Cf Frequency factor -
CN NRCS-runoff curve number -
d Time interval h
DH Difference in elevation ft
I Rainfall intensity in/h
IA Percentage of impervious area %
Ia Initial abstraction from total rainfall in
K Frequency factor for a particular return period and skew -
L Lag h
l Length of mainstream to furthest divide ft
Lca Length along main channel to a point opposite the watershed centroid mi
M Rank of a flood within a long period -
n Manning roughness coefficient -
N Number of years of flood record yrs
P Accumulated rainfall in
Q Rate of runoff ft3/s
q Storm runoff during a time interval in
R Hydraulic radius ft
RC Regression constant -
RQ Equivalent rural peak runoff rate ft3/s
S or Y Ground slope ft/ft, ft/mi or %
S Potential maximum retention storage in
NRCS Natural Resources Conservation Service -
SL Main channel slope ft/ft
SL Standard deviation of the logarithms of the peak annual floods -
ST Basin storage factor %
TB Time base of unit hydrograph h
tc or Tc Time of concentration m or h
TL Lag time h
UQ Urban peak runoff rate ft3/s
V Velocity ft/s
X Logarithm of the annual peak -
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7.4   HYDROLOGIC ANALYSIS PROCEDURE FLOWCHART 

The hydrologic analysis procedure flowchart shows the steps needed for the hydrologic analysis 
and the designs that will use the hydrologic estimates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Office inspection or review of site

Site data acquisition
Chapter 6

Field inspection of site
Chapter 6

Obtain available hydrologic data
Chapter 6

Select hydrologic procedure(s)
Chapter 7

Estimate flood frequency
relationships
Chapter 7

Peak discharges
Stormwater design

Chapter 7

Bridge & culvert design
Chapters 9 & 10

Storm drain design
Chapter 13

Environmental design
Chapter 15

Hydrograph
Stormwater design

Chapter 7

Storage design
Chapter 12

Channel design
Chapter 8

Culvert design
Chapter 9

Field check results
Chapter 4

Compare to regulatory values
Resolve differences

Chapter 4

Document results
Chapter 4
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7.5   CONCEPT DEFINITIONS 

The following are important definitions of hydrologic concepts. These concepts will be used 
throughout this Chapter to address different aspects of hydrologic studies: 

Antecedent Moisture Conditions ⎯ Antecedent moisture conditions are the soil moisture 
conditions of the watershed at the beginning of a storm. These conditions affect the volume of 
runoff generated by a particular storm event. Notably, they affect the peak discharge only in the 
lower range of flood magnitudes, say, below approximately the 15-yr event threshold. As floods 
become more rare, antecedent moisture has a rapidly decreasing influence on peak runoff. 

Depression Storage ⎯ Depression storage is the natural depressions within a watershed that 
store runoff. Generally, after the depression storage is filled, runoff will commence. 

Frequency ⎯ Frequency is the number of times a flood of a given magnitude can be expected 
to occur on average over a long period of time. Frequency analysis is then the estimation of 
peak discharges for various recurrence intervals. Another way to express frequency is with 
probability. Probability analysis seeks to define the flood flow with a probability of being equaled 
or exceeded in any year. 

Hydraulic Roughness ⎯ Hydraulic roughness is a composite of the physical characteristics that 
influence the flow of water across the earth’s surface, whether natural or channelized. It affects 
both the time response of a watershed and drainage channel and the channel storage 
characteristics. 

Hydrograph ⎯ The hydrograph is a graph of the time distribution of runoff from a watershed. 

Hyetographs ⎯ The hyetograph is a graph of the time distribution of rainfall over a watershed. 

Infiltration ⎯ Infiltration is a complex process of allowing runoff to penetrate the ground surface 
and flow through the upper soil surface. The infiltration curve is a graph of the time distribution 
at which this occurs. 

Interception ⎯ Storage of rainfall on foliage and other intercepting surfaces during a rainfall 
event is called interception storage. 

Lag Time ⎯ The lag time is defined as the time from the centroid of the excess rainfall to the 
peak of the hydrograph. 

Peak Discharge ⎯ The peak discharge, sometimes called peak flow, is the maximum rate of 
flow of water passing a given point during or after a rainfall event or snowmelt. 

Rainfall Excess ⎯ The rainfall excess is the water available to runoff after interception, 
depression storage and infiltration have been satisfied. 

Stage ⎯ The stage of a river is the elevation of the water surface above some elevation datum. 

Time of Concentration ⎯ The time of concentration is the time it takes the drop of water falling 
on the hydraulically most remote point in the watershed to travel through the watershed to the 
outlet. 
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Unit Hydrograph ⎯ A unit hydrograph is the direct runoff hydrograph resulting from a rainfall 
event that has a specific temporal and spatial distribution, lasts for a specific duration and has 
unit volume (or results from a unit depth of rainfall). The ordinates of the unit hydrograph are 
such that the volume of direct runoff represented by the area under the hydrograph is equal to 
one inch of runoff from the drainage area. When a unit hydrograph is shown with units of cubic 
feet per second, it is implied that the ordinates are cubic feet per second per inch of direct 
runoff. 

References ⎯ For a more complete discussion of these concepts and others related to 
hydrologic analysis, the reader is referred to Chapter 2 of Reference (1) and Reference (3). 

7.6   FREQUECY 

7.6.1   Overview 

A definte design frequency is established according to the level of risk of flood damage to a 
facility and to the facility’s economical, social value. The flood frequency can be expressed in 
return period (year), or recurrence interval (RI) and in percent probability.  The return period of a  
given flood is the reciprocal of the probability or chance that the flood will be equaled or 
exceeded in a given year. If a flood has a 20% chance of being equaled or exceeded each year 
over a long period of time, the flood will be equaled or exceeded on an average of once every 
five years. This is called the return period or recurrence interval (RI). Thus, the exceedence 
probability equals 100/RI. 

The designer should note that the 5-yr flood is not one that will necessarily be equaled or 
exceeded every five years. There is a 20% chance that the flood will be equaled or exceeded in 
any year; therefore, the 5-yr flood could conceivably occur in several consecutive years. The 
same reasoning applies to floods with other return periods. 

7.6.2   Design Frequency 

7.6.2.1   Cross Drainage 

Design the cross drains to accommodate a discharge according to the recommended return 
period(s) in setion 7-2 and for the following circumstances. Design the structure so that the 
backwater associated with the design headwater caused by the structure for the design storm 
does not: 

• Increase the flood hazard for adjoining properties, 
• Or overtop the highway. 
 
A design involving temporary roadway overtopping for floods larger than the design event is 
acceptable practice. Usually, if overtopping is allowed, the structure may be designed to 
accommodate a flood of some lower frequency without overtopping. 

7.6.2.2   Storm Drains 

A storm drain shall be designed to accommodate a discharge with a given return period(s) for 
the following circumstances. The design shall be such that the storm runoff does not: 
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• increase the flood hazard significantly for property; 
• encroach onto the street or highway to cause a significant traffic hazard; or 
• limit traffic, emerging vehicle or pedestrian movements to an unreasonable extent. 
 
Based on these design criteria, a design involving temporary street or road inundation for floods 
larger than the design event is acceptable practice. 

7.6.3   Review Frequency 

After sizing a drainage facility using a flood and sometimes the hydrograph corresponding to the 
design frequency, it shall be necessary to review this proposed facility with a base discharge. 
This is done to ensure that there are no unexpected flood hazards inherent in the proposed 
facility(ies). The review flood shall be the 100- yr event. In some cases, a flood event larger than 
the 100-yr flood is used for analysis to ensure the safety of the drainage structure and 
downstream development. 

7.6.4   Frequency Table 

Table 7-2 shows UDOT recommended design frequencies and Appendix 7.A presents the 
AASHTO guide of preferred design frequencies to be used by the Department for the various 
drainage facilities on streets and highways. 

7.6.5   Rainfall vs. Flood Frequency 

Drainage structures are designed based on some flood frequency. However, certain hydrologic 
procedures use rainfall and rainfall frequency as the basic input. Thus, it is commonly assumed 
that the 10-yr rainfall will produce the 10-yr flood. Depending on antecedent soil moisture 
conditions and other hydrologic parameters, this may be true or there may not be a direct 
relationship between rainfall and flood frequency. 

7.6.6   Rainfall Curves 

Rainfall data are available for many geographic areas. From these data, rainfall-intensity-
duration curves have been developed for the commonly used design frequencies. Appendix 7.B 
contains the curves available at this time for the Department. 

7.6.7   Discharge Determination 

Estimating peak discharges of various recurrence intervals is one of the most common 
engineering challenges faced by drainage facility designers. The problem can be divided into 
two general categories: 

Gaged Sites ⎯ The site is at or near a gaging station and the streamflow record is of sufficient 
length to be used to provide estimates of peak discharges. A complete record is defined as one 
having at least 25 yrs of continuous or synthesized data. In Utah, this may be a relatively rare 
situation. 

Ungaged Sites ⎯ The site is not near a gaging station and no streamflow record is available. 
This situation is very common in Utah. 

This Chapter will address hydrologic procedures that can be used for both categories. 
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7.7   HYDROLOGIC PROCEDURES 

7.7.1   Overview 

Estimates of peak flows using the methods described in Table 7.1 will generally provide 
reasonable design values. In general results from using several methods should be compared, 
not averaged.  The methods are better described in the following sections. Use the method that 
best fit the information that is and data that is available and document the reasons for the 
choice.  Follow procedures outlined with each hydrologic method given below. 

7.7.2   Peak Flow Rates or Hydrographs 

A consideration of peak runoff rates for design conditions is generally adequate for conveyance 
systems (e.g., storm drains or open channels). However, use a flood hydrograph when the 
design  includes flood routing (e.g., storage basins or complex conveyance networks).  Although 
the development of runoff hydrographs (typically more complex than estimating peak runoff 
rates) is often accomplished using computer programs, some methods are adaptable to 
nomographs or other desktop procedures. 

7.7.3   Hydrologic Methods 

Following is a list and description of recommended hydrologic methods. WMS includes some of 
these methods presented. 

GAGED STREAMS - Probabilistic 

LOG PEARSON TYPE III STREAM GAGE ANALYSIS. With 10 yrs of record for Q10  flows, 15 
yrs for Q25 flows, 20 yrs for Q50 flows and 25 yrs for Q5100  flows  or synthesized stream gage 
data, the Log-Pearson Type III distribution is considered to be a reliable method for estimating 
flood frequency relationships where no significant changes in the watershed have occurred or 
are anticipated. Data can be obtained from the local USGS office in your area. 

UNIT HYDROGRAPH ANALYSIS. This is a lumped technique to approximate the rainfall-runoff 
response of typical watersheds.  The key to analyzing unit hydrographs is selecting the correct 
rainfall events.  The selected storms must be representative of the temporal and 
spatialdistribution of rainfall that is characteristic of storms resulting in peak discharges of the 
magnitudes and frequency selected for design. 

UNGAGED STREAMS - Deterministic 

NRCS SYNTHETIC UNIT HYDROGRAPH. The Natural Resources Conservation Service has 
developed a synthetic unit hydrograph procedure that has been widely used for developing rural 
and urban hydrographs. The unit hydrograph used by the NRCS method is based upon an 
analysis of a large number of natural unit hydrographs from a broad cross section of geographic 
locations and hydrologic regions. Rainfall is a necessary input. 

WMS 7.0 software facilitates use of HEC-1 models whenever heterogeneous land uses are 
present and significant storage/storage routing effects and/or channel routing is justified and 
must be modeled.  
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SCS Methods such as TR-55 Graphical Method yields peak Q. Useful for small to medium sized 
drainages with Tc of 5 minutes to 10 hours. 

Parametric 

REGRESSION EQUATIONS. Peak flow can be calculated by using regression equations 
developed for specific geographic regions. The equations are in the form of a log-log formula, 
where the dependent variable would be the peak flow for a given frequency, and the 
independent variables may be variables (e.g., area, slope, channel geometry, other 
meteorological, physical or site specific data). The newest version of the NFF resides in the 
WMS 7.0 software. 

RATIONAL METHOD. The rational method is a conceptual model which can use deterministic 
modeling techniques such as the kinematic wave equation in arriving at appropriate time of 
concentration values. Provides peak runoff rates for small urban and rural watersheds less than 
300 acres, but it is best suited to urban storm drain systems. It should be used with caution if 
the time of concentration exceeds 30 min. Rainfall is a necessary input. More recently IDF 
curves have been published on the NOAA web site at: http://hdsc.nws.noaa.gov which greatly 
facilitates use of this model. 

7.8   CALIBRATION 

7.8.1   Definition 

Calibration is a process of varying the parameters or coefficients of a hydrologic method so that 
it will estimate peak discharges and hydrographs consistent with recorded local rainfall and 
streamflow data. 

Figure 7-1 is an illustration of a hydrograph resulting from flow data as compared to a 
hydrograph resulting from using a non-calibrated and calibrated hydrologic procedure. It can be 
seen that the calibrated hydrograph, although not exactly duplicating the hydrograph from 
streamflow data, is a much better representation of the streamflow hydrograph than the non-
calibrated hydrograph. 

7.8.2   Hydrologic Accuracy 

The accuracy of the hydrologic estimates will have a major effect on the design of drainage or 
flood control facilities. Although it might be argued that one hydrologic procedure is more 
accurate than another, practice has shown that all of the methods discussed in this Chapter 
can, if calibrated, produce acceptable results consistent with observed or measured events. 
What should be emphasized is the need to calibrate the method for local conditions. This 
calibration process can result in much more accurate and consistent estimates of peak flows 
and hydrographs. 

 

 

 

 

http://hdsc.nws.noaa.gov/
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FIGURE 7-1⎯ Calibrated Hydrograph 
 

7.8.3   Calibration Process 

The calibration process can vary depending on the data or information available for a local area: 

1. If stream flow data are available for an area, the hydrologic procedures can be calibrated to 
these data. The process would involve generating peak discharges and hydrographs for 
different input conditions (e.g., slope, area, antecedent soil moisture conditions) and 
comparing these results to the gaged data. Changes in the model would then be made to 
improve the estimated values as compared to the measured values. 

2. After changing the variables or parameters in the hydrologic procedure, the results should 
be checked against another similar gaged stream or another portion of the stream flow data 
that were not used for calibration. 

3. If some local agency has developed procedures or equations for an area based on stream 
flow data, general hydrologic procedures can be calibrated to these local procedures. In this 
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way, the general hydrologic procedures can be used for a greater range of conditions (e.g., 
land uses, size, slope). 

4. The calibration process should only be undertaken by personnel highly qualified in 
hydrologic procedures and design. 

5. If reasonable values do not produce reasonable results, then the model should be 
questioned and its use carefully considered (e.g., having to use terrain variables that are 
obviously dissimilar to the geographic area to calibrate to measured discharges or 
hydrographs). 

7.9   PROBABILISTIC METHODS - STREAM GAGE ANALYSIS 

7.9.1   Introduction 

Many gaging stations exist throughout Utah where data can be obtained and used for hydrologic 
studies. If a project is located near one of these gages and the gaging record is of sufficient 
length in time, a frequency analysis may be made according to the following discussion. The 
most important aspect of applicable station records is the series of annual peak discharges. It is 
possible to apply a frequency analysis to that data for the derivation of flood-frequency curves.  

!f the subject site is at or very near the gaging site and on the same stream and watershed, the 
discharge for a specific frequency from the flood-frequency curve can be used directly. 

If the facility site is nearby or representative of a watershed with similar hydrologic 
characteristics, transposition of frequency discharges is possible. 

If the flood-frequency curve is from one of a group of several gaging stations comprising a 
hydrologic region, then regional regression relations may be derived. Regional regression 
relations are usually furnished by established hydrologic agencies, and the designer will not be 
involved in their development. 

The preferred method of estimating flood frequency curves from stream gage data is the Log-
Pearson Type III frequency distribution as described in Bulletin #17B (5). 

7.9.2   Application 

The Department recommends the use of stream gage analysis for design when there are 
sufficient years of measured or synthesized stream gage record and no significant changes 
have occurred or are anticipated in the watershed. The preferred method for analyzing stream 
gage data is the Log-Pearson Type III distribution with the Gumbel graphical method being used 
primarily as a check to help identify potential errors, particularly with the frequency estimates of 
larger floods.  Discrepancies of more than 20% between the two methods may require special 
studies. These special studies should include comparison with regression equations, particularly 
channel geometry characteristics equations, application of other flood-frequency methods, and 
the collection and analysis of historical data. Outliers should be placed into perspective using 
the procedure found in Bulletin #17B (5). 
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7.9.3   Log-Pearson Type III 

This method is defined by three standard statistical parameters ⎯ the mean, standard deviation 
and coefficient of skew. These parameters are determined from the data sample, which 
normally consists of the peak annual flows for a period of record. Formulas for the computation 
of these parameters are given below: 

 Q = (ΣX) / N  (mean of logs)   (7.3) 

where:  N  =  number of observations and X is the logarithm of the annual peak. 

The standard deviation of logs is: 

SL = {[ΣX2 − (ΣX)2 / N] / [N − 1]}½   (7.4) 

The coefficient of skew of logs is: 

G = [N2(ΣX3) − 3N(ΣX)(ΣX2) + 2(ΣX)3] / [N(N − 1)(N − 2) ]   (7.5) 3
LS

Using these three parameters, the magnitude of the flood of the desired frequency can be 
determined from the Equation: 

log Q = QL + KSL            (7.6) 

where:  log Q = the logarithm of the flood magnitude 

  QL  =  the mean of the logarithms of the peak annual floods 

  K   = a frequency factor for a particular return period and coefficient of skew 
(values of K for different coefficients of skew and return periods are given 
in Bulletin #17B) 

  SL   =  the standard deviation of the logarithms of the peak annual flood 

If a flood frequency curve is necessary, then by computing several values of Q for different 
return periods, the Log-Pearson fit to the data can be plotted on standard log probability paper. 
If the skew of the sample data happens to be equal to zero, the plot of the Log-Pearson fit to the 
data will be a straight line. If the skew is negative, the plot will be a curve with a downward 
concavity. If the skew is positive, the plot will be a curve with upward concavity. 

7.9.3.1   Skew 

There are three alternative methods for determining the value of the skew coefficient to be used 
in calculating the Log-Pearson curve fit as follows:  

1. Station Skew. The value of skew that is calculated directly from the gage data using the 
above formula. This value may not be a true representation of the actual skew of the data if 
the period of record is short or if there are extreme events in the period of record.  

2. Generalized Skew. Bulletin #17B (5) contains a map of generalized skew coefficients of the 
logarithms of annual maximum streamflows throughout the United States and average skew 
coefficients by one degree quadrangles over most of the country. 
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3. Weighted Skew. Often the station skew and the generalized skew can be combined to 

provide a better estimate for a given sample of flood data.  Bulletin #17B outlines a 
procedure for combining the station skew and the generalized skew to provide a weighted 
skew.   

7.9.3.2   Transposition of Data 

The transposition of design discharges from one basin to another basin with similar hydrologic 
characteristics is accomplished by multiplying the design discharge by the direct ratio of the 
respective drainage areas raised to the power shown in Table 7-4. Thus, on streams where no 
gaging station is in existence, records of gaging stations in nearby hydrologically similar 
watersheds may be used. The discharge for such an ungaged stream may be determined by 
the transposition of records using a similar procedure.  This procedure should be limited to sites 
that differ in area by no more than 50% from the area of the gage site.  Following is an example 
using an exponent of 0.7. 

In some streams, natural peak flows may decrease downstream because of significant 
floodplain storage or loss of flow in aquifer recharge zones.  The designer is cautioned not to 
use the transposition approach in such cases. 

TABLE 7-4 ⎯ Exponent For Hydrologic Regions 
 

Watershed Q25 (ft3/s) Area (acre) 

Gaged Watershed A 61,800 471,673 

Ungaged Watershed B ⎯ 288,000 

 
A: 61,800(288,000/471,673)0.7 = 49,706 ft3/s 
B: Q25 = 49,706 ft3/s 
 

7.10   EXAMPLE PROBLEM ⎯ ANALYSIS OF STREAM GAGE DATA USING LOG-
PEARSON TYPE III 

EXAMPLE 1 
Statistical method for computing flows:  Log-Pearson Type III 
Drainage basin area: Virgin River, near Hurricane, Utah 
 
1. Obtain the Peak Stream flow for the Virgin River, near Hurricane, Utah, from the United 
State Geological Survey (USGS) Utah Surface Water data on the internet at:  
http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=html .  
Verify sufficiency of continuous records (10 years min.).  Screen the flow for possible outliers 
using the following equation: QL= QL+KN SL, where: 
  
 QL  is the log of the high and low outlier limit  

 QL  is the mean of the log of the sample flows 
 KN  is the critical deviate (HEC 19, Table 24) 
 SL  is the standard deviation of sample QL  

Washington County, Utah 
Hydrologic Unit Code 15010008  Output formats  

http://www.waterdata.usgs.gov/ut/nwis/peak
http://www.waterdata.usgs.gov/ut/nwis/peak
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Latitude  37°10'20", Longitude 113°23'07" NAD27 
Drainage area 1,499.00  square miles 
Gage datum 2,780.00 feet above sea level NGVD29

Table 

Graph 

Tab-separated file 

WATSTORE formatted file 

Reselect output format  

Water 
Year Date 

Gage 
Height
(feet) 

Stream-
flow 
(cfs) 

1967 Dec. 6, 1966 17.34 20,1005

1968 Aug. 7, 1968 9.11 5,4105

1969 Jan. 25, 1969 14.29 12,8005

1970 Aug. 18, 1970 6.99 3,3805

1971 Aug. 21, 1971 9.00 6,2505

1972 Sep. 19, 1972 11.88 10,4005

1973 May 14, 1973 6.36 3,3505

1974 Apr. 2, 1974 3.67 1,0905

1975 Jul. 29, 1975 8.95 7,3255

1976 Jul. 29, 1976 4.96 2,0645

1977 Jul. 23, 1977 7.22 4,8305

1978 Mar. 5, 1978 16.28 18,7005

1979 Mar. 28, 1979 9.69 8,4405

1980 Sep. 10, 1980 11.33 10,9105

1981 Jul. 15, 1981 6.82 4,3405

1982 Sep. 27, 1982 8.62 6,8105

1983 Nov. 30, 1982 8.37 6,6405
 

 

Water
Year Date 

Gage 
Height 
(feet) 

Stream-
flow 
(cfs) 

1984 Jul. 23, 1984 7.83 5,6605

1985 Jul. 20, 1985 5.38 2,7005

1986 Nov. 30, 1985 4.48 1,5605

1987 Jul. 21, 1987 7.80 4,8605

1988 Nov. 6, 1987 9.43 7,3105

1989 Jan. 1, 1989   66,0003,5

1991 Mar. 1, 1991 13.62 7475

1992 Aug. 23, 1992 18.05 3,9005

1993 Feb. 20, 1993 17.69 4,8705

1994 Oct. 6, 1993 12.55 5,0005

1995 Mar. 6, 1995 15.63 7,0205

1996 Nov. 1, 1995 12.51 4,9905

1997 Jan. 3, 1997 12.71 5,1205

1998 Sep. 11, 1998 14.02 6,2905

1999 Aug. 30, 1999 12.68 5,1105

2000 Feb. 24, 2000 8.34 1,2605

2001 Oct. 30, 2000 8.88 1,8105
 

 
The log of the upper limit flow QL is equal to 4.70355 the upper limit flow is 50,530 cfs. 
March 1, 1989 flow of 66,000 was the result of a dam failure and is an outlier. 
 
 
2.  Find the skew G using the following equation: 
  G = (N*Sum(XL – Mean XL)3)/((N-1)*(N-2)*(SL3))   
  G = -0.27 
 

 
 
 
 
 
 
 
 
 
 

http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=html
http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=gif
http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=rdb
http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=hn2
http://waterdata.usgs.gov/ut/nwis/peak?site_no=09408150&agency_cd=USGS&format=brief_list
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Check the calculated skew coefficient for reasonableness using the map below: 
 
 

 
FIGURE 7-2⎯ Skew Coefficients 

 

 
Note - The mean square error to be used with estimates from this map is 0.20.
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3. From the table below find the critical deviate KN for the return period of interest. 
 

Table 14. Cumulative Distribution Function for Log-Pearson Type III Distribution 
Exceedance Probability in % 

50 20 10 4 2 1 0.2 
Corresponding Return Period in Years Coef. of 

Skew 2 5 10 25 50 100 500 
3 -0.3955 0.4204 1.1801 2.2778 3.1519 4.0514 6.2051 

2.8 -0.3835 0.4598 1.2101 2.2747 3.114 3.973 6.0186 
2.6 -0.3685 0.4987 1.2377 2.2674 3.0712 3.8893 5.6282 
2.4 -0.3506 0.5368 1.2624 2.2558 3.0233 3.8001 5.6282 
2.2 -0.33 0.5738 1.2841 2.2397 2.9703 3.7054 5.4243 
2 -0.3069 0.6094 1.3026 2.2189 2.912 3.6052 5.2146 

1.8 -0.2815 0.6434 1.3176 2.1933 2.8485 3.4994 4.9994 
1.6 -0.2542 0.6753 1.329 2.1629 2.7796 3.388 4.7788 
1.4 -0.2254 0.7051 1.3367 2.1277 2.7056 3.2713 4.553 
1.2 -0.1952 0.7326 1.3405 2.0876 2.6263 3.1494 4.3226 
1 -0.164 0.7575 1.3404 2.0427 2.5421 3.0226 4.088 

0.8 -0.132 0.7799 1.3364 1.9931 2.453 2.891 3.8498 
0.6 -0.0995 0.7995 1.3285 1.939 2.3593 2.7551 3.6087 
0.4 -0.0665 0.8164 1.3167 1.8804 2.2613 2.6154 3.3657 
0.2 -0.0333 0.8304 1.3011 1.8176 2.1594 2.4723 3.1217 
0 0 0.8416 1.2816 1.7507 2.0538 2.3264 2.8782 

-0.2 0.0333 0.8499 1.2582 1.68 1.945 2.1784 2.6367 
-0.4 0.0665 0.8551 1.2311 1.6057 1.8336 2.0293 2.3994 
-0.6 0.0995 0.8572 1.2003 1.5283 1.7203 1.8803 2.1688 
-0.8 0.132 0.8561 1.1657 1.4481 1.606 1.7327 1.9481 
-1 0.164 0.8516 1.1276 1.3658 1.4919 1.5884 1.7406 

-1.2 0.1952 0.8437 1.0861 1.2823 1.3793 1.4494 1.5502 
-1.4 0.2254 0.8322 1.0414 1.1984 1.27 1.3182 1.3798 
-1.6 0.2542 0.8172 0.9942 1.1157 1.1658 1.1968 1.2313 
-1.8 0.2815 0.7986 0.945 1.0354 1.0686 1.0871 1.1047 
-2 0.3069 0.7769 0.8946 0.9592 0.9798 0.99 0.998 

-2.2 0.33 0.7521 0.8442 0.8881 0.9001 0.9052 0.9085 
-2.4 0.3506 0.725 0.7947 0.8232 0.8296 0.832 0.8332 
-2.6 0.3685 0.696 0.7471 0.7646 0.7678 0.7688 0.7692 
-2.8 0.3835 0.666 0.7021 0.7123 0.7138 0.7142 0.7143 
-3 0.3955 0.6357 0.6602 0.6659 0.6665 0.6667 0.6667 

from WRC, 1981 
 
4. Using the calculated skew coefficients the critical deviate KN is found in table 14: QL = QL 
+ KNSL 

 
 SL = 0.33 
 QL = 3.68  
 
10 year KN = 1.2582  QL = 4.09  Q = 12,388 cfs 
50 year KN = 1.945  QL = 4.32  Q = 20,868 cfs 
100 year KN = 2.1784  QL = 4.40  Q = 24,914 cfs 
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7.11   PARAMETRIC METHODS - RURAL REGRESSION EQUATIONS 

7.11.1   Introduction 

Regional regression equations are the most commonly accepted method for estimating peak 
flows at larger ungaged sites or sites with insufficient data for statistical evaluation of flood 
frequency. They are easy to use and provide consistent findings when applied by different 
hydraulics engineers (Reference (8)).  UDOT developed rural regression equations for two 
watersheds in Utah: the Weber River and the Virgin River.  UDOT regression equations were 
completed in 2004, using all the flow data available and usable for the two watersheds.  The 
UDOT equations are considered more reliable than other region regresions equations.  

For convenience to the designer, this Manual includes the UDOT Regression Equations on 
Table 7-5 and Table 7-6 and the USGS Regional Regression Equations for Utah on table 7-7 
and 7-7a. 

TABLE 7-5 ⎯ UDOT Regression Equations and sandard erors for the Virgin River Basin 
Prediction equations for T-year peak discharges 
(cfs) for unregulated watersheds in Virgin River 

basin 
Return 
period 
(years) E > 7500 ft 

50 < A < 250 mi2
E < 7500 ft 

50 < A < 2000 mi2

Se 

 

10 

 

Q = 87.11 A0.563

 

Q = 537.42 A0.374
 

44 

25 Q = 171.91 A0.509 Q = 1099.36 A0.322 48 

50 Q = 272.33 A0.470  Q = 1716.15 A0.291 52 

100 Q = 417.88 A0.432 Q = 2533.57 A0.264 59 

     
Where: E – mean basin elevation (ft), A - drainage area (mi2), Q - peak flow (cfs), Se - standard 
error of prediction 
 
TABLE 7-6 ⎯ UDOT Regression Equations and standard errors for the Weber River Basin 

Alternative 1 Alternative 2 Return 
Period 
T (yr) Flood-frequency equation Se Flood-frequency 

equation 
Se 

5 Q = 0.174 A0.7665 (E/1000)2.3684 66 Q = 23.377 A0.7794 76 

10 Q = 0.546 A0.7515 (E/1000)1.9399 58 Q = 30.228 A0.7620 65 

25 Q = 1.866 A0.7326 (E/1000)1.4793 52 Q = 39.855 A0.7407 57 

50 Q = 4.145 A0.7186 (E/1000)1.1813 51 Q = 47.777 A0.7250 54 

100 Q = 8.449 A0.7061 (E/1000)0.9139 50 Q = 55.995 A0.7111 52 

Where: Q - peak flow (cfs), A - drainage area (mi2), E – mean basin elevation (ft),  
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Se – average standard error of prediction (%) 
 
TABLE 7-7 Regression Constants, Coefficients and Standard Errors 
Region equations: QT, peak discharge in cubic feet per second; 

AREA, drainage area, in square miles; ELEV, mean basin elevation, in feet 

above sea level (NGVD of 1929)]

Average 
standard error 

of prediction, % 

Equivalent 
years of record 

Region 1 (For sites located at elevations greater than elevation threshold from Figure 7-3) 
Q2 = 0.124AREA0.845PREC1.44 59 0.16 
Q5 = 0.629AREA0.807PREC1.12 52 .62 
Q10 = 1.43AREA0.786PREC0.958 48 1.34 
Q25 = 3.08AREA0.768PREC0.811 46 2.50 
Q50 = 4.75AREA0.758PREC0.732 46 3.37 
Q100 = 6.78AREA0.750PREC0.668 46 4.19 
Region 3  
Q2 = 0.444AREA0.649PREC1.15 86 0.29 
Q5 = 1.21AREA0.639PREC0.995 83 .49 
Q10 = 1.99AREA0.633PREC0.924  80 .77 
Q25 = 3.37AREA0.627PREC0.849 78 1.23 
Q50 = 4.70AREA0.625PREC0.802 77 1.57 
Q100 = 6.42AREA0.621PREC0.757 78 1.92 
Region 4 
Q2 = 0.0405AREA0.701(ELEV/1,000)2.91 64 0.39 
Q5 = 0.408AREA0.683(ELEV/1,000)2.05 57 95 
Q10 = 1.26AREA0.674(ELEV/1,000)1.64 53 1.76 
Q25 = 3.74AREA0.667(ELEV/1,000)1.24   51 3.02 
Q50 = 7.04AREA0.664(ELEV/1,000)1.02 52 3.89 
Q100 = 11.8AREA0.662(ELEV/1,000)0.835 53 4.65 
Region 7 
Q2 = 0.0150AREA0.697(ELEV/1,000)3.16 56 0.25 
Q5 = 0.306AREA0.590(ELEV/1,000)2.22 45 1.56 
Q10 = 1.25AREA0.526(ELEV/1,000)1.83 45 3.07 
Q25 = 122AREA0.440 49 4.60 
Q50 = 183AREA0.390 53 5.27 
Q100 = 264AREA0.344 59 5.68 
Region 8 
Q2 = 598AREA0.501(ELEV/1,000)-1.02 72 0.37 
Q5 = 2,620AREA0.449(ELEV/1,000)-1.28 62 1.35 
Q10 = 5,310AREA0.425(ELEV/1,000)-1.40 57 2.88 
Q25 = 10,500AREA0.403(ELEV/1,000)-1.49 54 5.45 
Q50 = 16,000AREA0.390(ELEV/1,000)-1.54 53 7.45 
Q100 = 23,300AREA0.377(ELEV/1,000)-1.59 53 9.28 
Region 9 
Q2 = 0.0204AREA0.606(ELEV/1,000)3.5 68 0.14 
Q5 = 0.181AREA0.515(ELEV/1,000)2.9 55 .77 
Q10 = 1.18AREA0.488(ELEV/1,000)2.2 52 1.70 
Q25 = 18.2AREA0.465(ELEV/1,000)1.1 53 2.81 
Q50 = 248AREA0.449 57 3.36 
Q100 = 292AREA0.444 59 3.94 



UDOT Manual of Instruction – Roadway Drainage (Customary Units), Hydrology  7-25 
 
 
  

The regression equation for region 6, shown on Table 7-7a a was developed using an iterative 
regression method (Hjalmarson and Thomas, 1992) and a modified form of the station year 
statistical analysis method (Fuller, 1914). The average standard error of regression is an 
estimate of the predictive accuracy of these regression equations and is determined by a direct 
sampling method. 

TABLE 7-7 a ⎯ Regression Constants, Coefficients and Standard Errors for Region 6 

Region 6* 
Regression equations: QT, peak discharge, in cubic 

feet per second; AREA, drainage area, in square miles; ELEV, 

mean basin elevation, in feet above sea level (NGVD of 1929)

Standard  
error of regression, in 

log units 

Equivalent 
years of record 

Q2 = 0 -- -- 
Q5 = 32AREA0.80(ELEV/1,000)-0.66 1.47 0.233 
Q10 = 590AREA0.62(ELEV/1,000)-1.6 1.12 .748 
Q25 = 3,200AREA0.62(ELEV/1,000)-2.1 .796 2.52 
Q50 = 5,300AREA0.64(ELEV/1,000)-2.1 1.10 1.75 
Q100 = 20,000AREA0.51(ELEV/1,000)-2.3 1.84 .794  

*(modified from Thomas and others, 1997) 
Estimated average standard error of regression for these equations includes much of the within-station residual variance and therefore 

is not comparable to standard error of estimate from an ordinary-least-squares regression.

 
Appendix 7.E includes a map with the average annual precepitation in Utah.  

7.11.2   Regression Equations and Methods 

Regression equations use stream gage data from hydraulically homogeneous catchment areas 
for establishing flows at similar ungaged sites.  Do the following when using regression 
equations: 

• Determine if the design site lies on or near a regional boundary, 

• Collect all available historical flood data (20), 

• Use the gathered data to interpret the discharge values. 

Use the channel geometry characteristics when the results from these regression equations 
differ significantly from historical observations or other methods. To verify the validity of the 
results, compare the estimated runoffs to the maximum stream historical flows. The Utah 
Department of Natural Resources published the Summary Of Maximum Stream Discharges In 
Utah Streams (Technical Bulletin No. 21 (20)).   

Figure 7-3 shows the hydrologic regional boundaries for the state of Utah as outlined by the 
USGS (Reference (17)). 

7.11.3   Watersheds having no boundaries or mixed-population complexities 

Use the following procedure in applying the USGS regression equations when the watershed of 
interest may lie partly within two or more hydrologic regions: 
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Collect the data from such items as maps, field visits, surveys and aerial photos and the 
enclosed figures and apply the following equations. Figure 7-3, shows the hydrologic regions 
and Figure 7-3a shows Region 1 boundaries for Utah. Table 7-5 includes the regression 
constants, coefficients and standard errors for the regions. With sensitive sites, try other 
methods to see if the findings are reasonable. Compute a flood-frequency curve to include the 
2-, 5-, 10-, 25-, 50- and 100-yr events at a minimum. 

 

 

Utah 

 

FIGURE 7-3 ⎯ Utah Hydrologic Regions and Region 1 boundary 
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Where a watershed transcends hydrologic boundaries, the total discharge at a site for the 
foregoing recurrence intervals shall be determined by the USGS. Use the foregoing regression 
equations with the above procedure and the following equations. Following are equations for 
sites in transition zones: 

When the drainage area of the site of interest is in more than one of the regions 3, 4, 6, 7, 8, or 
9, a weighted estimate of the peak discharge should be computed. The equations for the 
appropriate regions should be applied independently by using basinwide estimates of the 
required explanatory variables. The weighted estimate is then computed by multiplying each 
regional estimate against the fraction of the drainage area in that region and summing the 

When the elevation of the stream site of interest is between 6,800 and

products. The NFF Program provides an algorithm for this computation. 

 7,500 feet, a weighted 
estimate of the peak discharge should be computed by using the equations for region 1 and the 

QT(W) is the weighted of peak-discharge estimate for the recurrence interval T at 
the site of interest, 

e, 
QT (Reg

  
The NFF Program weighting computation. 
Thomas and others (1997

other regions in which the basin is located. The applicable equations are each applied by using 
basinwide estimates of the required explanatory variables, and the region estimates are 
weighted as a function of elevation as follows:  

 

QT(u) is the estimate of peak discharge using the equations for regions 3, 4, 6, 
7, 8 or 9 as appropriat

ion1) is the estimate of the peak discharge using the equations for region 1, 
and 

E is the elevation of the stream site of interest. 

does not provide an algorithm for this 
) summarized the basin characteristics, the estimates of peak 

ARIES. Where a watershed is close to a 
hydrologic boundary, select the appropriate hydrologic region based on the findings from the 

, use the USGS procedure to 

uch data are nearby, i.e., within the same hydrologic region, and there 
are no major tributaries or diversions between the gage and the site of interest. These 

discharge, and the weighted estimates of peak discharge for most of the 1,323 sites used in the 
study, including 212 sites in Utah (Reference (17)).  

WATERSHEDS CLOSE TO HYDROLOGIC BOUND

field inspection. Sometimes, a specific variable (e.g., elevation, rainfall isohyetals) better defines 
a hydrologic region boundary. Use the following procedure to facilitate the identification of 
hydrologic boundaries. The findings from a channel geometry analysis may have an important 
role in identifying the boundaries between hydrologic regions.  
WATERSHEDS SUBJECT TO MIXED-POPULATION FLOODS. Where two or more flood 
populations are expected to comprise the flood of interest
determine the total discharge at a site for the foregoing recurrence intervals. Use the following 
equations as indicated. 
TRANSFERRING GAGED DATA. Gaged data may be transferred to an ungaged site of 
interest, provided that s
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procedures make use of the constants obtained in developing the regression equations. These 
procedures are as follows: 
Thomas and others (1997) showed how the weighted estimate of peak discharge can be used 
to improve estimates of peak discharge of an ungaged site on the same stream that has a 
drainage area that is between 50 and 150 percent of the drainage area of the gaged site. The 
weighted estimate is computed as: 

  

 
  
where 
  

QT )(u  is the weighted peak-discharge estimate for the recurrence interval T at the 
ged site, 

Q (W) is the weighted estimate of peak discharge at the gaged site, 

nd 

Region

unga

T

AREA ungaged and AREAgaged are the drainage areas of the ungaged and gaged sites, 
respectively, a

b is an exponent for each region as follows: 
  

Exponents

1 0.8 

3 .7 

  

  
The adjustment to the weighted estimate of peak discharge at the gaged site can be used when 
the drainage area at the ungaged site is within 50 to 150 percent of the drainage area of the 
gaged site. Otherwise, the estimate at the ungaged site should be based on the appropriate 

m

4 .7 

6 .6 

7 .5 

8 .4 

9 .5 

    

regression equation only (Reference (17)). 
 

7.11.4   National Flood Frequency Progra  

USGS, in cooperation with FHWA and FEMA, has compiled all current Statewide and urban-
od Frequency computer program. This program 

includes regression equations for estimating flood-peak discharges and techniques for 
area regression equations into the National Flo

estimating a typical flood hydrograph for a given recurrence interval peak discharge for 
unregulated rural and urban watersheds. The regression equations for estimating flood-peak 
discharges for rural, unregulated watersheds have been developed for every State and the 
Commonwealth of Puerto Rico. Regression equations for estimating urban flood-peak 
discharges for several urban areas in at least 13 states are also available from the program.  
For a complete report, consult Reference (17). 
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7.12   EXAMPLE PROBLEM ⎯ RURAL DISCHARGES FROM REGRESSION 

EQUATIONS 

Method for computing flows:  USGS Rural Regression Equations 
Drainage basin area: Virgin River, near Hurricane, Utah (Same as Example 1) 

1. Use WMS (Watershed Modeling System) to define the basin boundaries, get the basin area 
; Average Basin Elevation: 

2. From the map on figure 7.3 find the hydrologic region in which the basin is.  The upper basin 

3.  
 

0)-1.28 = 8,116 cfs 

9 fs 
9 ) s 

Or  same equations: 

National Flood Frequency Program based on Water-Resources Investigations  
Report 02-4168 Equations for Utah developed using English units 

 Drainage Area: 1500 mi2 

 Region: Four_Corners_Region_8 
 1500 mi2 

 & Bue Region 14 

i2 

 Region: Four_Corners_Region_8 
00 mi2 

 & Bue Region 14 

c f econd 

and average basin elevation.   Drainage area: 1499 Square Miles
5375 feet. 

of the Virgin River is in region 8. 
 Use the given equations to calculate the run-offs for the various return periods: 

• Q2 = 598 1499 0.501(5375/1,000)-1.02 = 4,196 cfs 
• Q  = 2,620 14995

• Q10 = 5,310 1499
0.449(5375/1,00
0.425(5375/1,000)-1.40 = 11,279 cfs 

• Q25 = 10,500 14990.403(5375/1,000)-1.49 = 16,322 cfs 
• 0.390 )-1.54 Q50 = 16,000 149 (5375/1,000  = 20,792 c
• Q  = 23,300 149 0.377(5375/1,00 -1.59 = 25,312 c100 0 f
 
 
use the USGS-NFF program for Windows to apply the

 
Site: Virgin River, Utah 
User:  
Date: Tuesday, January 21, 2003 10:36 AM 
 
Rural Estimate: Rural 1 
   Basin
   1 Region 
  
       Drainage Area =  
      Mean Basin Elevation =  5380 ft 
    Crippen
 
Rural Estimate: Rural 1 (weighted) 
   Basin Drainage Area: 1500 m
   1 Region 
  
       Drainage_Area =   15
       Mean_Basin_Elevation =  5380 ft 
    Crippen
 
 
Flood Peak Discharges, in cubi eet per s

Estimate Recurrence 
Interval (yr) 

Peak 
(cfs) 

Standard 
Error (%) 

Equivalent 
Years 
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Rural 1 2 4200 72 0.4 
 5 8120 62 1.4 
 1  10 1300 57 2.9 
 25 16300 54 5.5 
 50 20800 53 7.5 
 100 25300 53 9.3 
 500 38900   

maximum: 74100 (for C&B region 14) 
 

Estimate Recurrence 
Interval (yr) 

Peak 
(cfs) 

Standard 
Error (%) 

Equivalent 
Years 

Rural 1 
(weighted) 

2 4200 72 0.4 

 5 8120 62 1.4 
 10 11300 57 2.9 
 25 16300 54 5.5 
 50 20800 53 7.5 
 100 25300 53 9.3 
 500 38900   

  
maximum: 74100 (for C&B region 14) 

7.13   URBAN REGRESSION EQUATIONS 

7.13.1   Introduction 

 nationwide project can be used to 
or urban watershed conditions. Section 7.11.4 National Flood Frequency 

Program, includes the regression equations for urban watersheds. 

ns through the use of the 
equivalent rural peak runoff rate (RQ). The equations adjust RQ to an urban condition using the 

Regression equations developed by USGS (12) as part of a
estimate peak runoff f

Reference (12) provides two sets of seven-parameter equations and a third set based on three 
parameters. The equations account for regional runoff variatio

basin development factor (BDF) and the percentage of impervious area (IA). Some areas have 
had good success using a three-parameter equation. If local equations are available, they 
should be included. 

7.13.2   Application 

These urban equations can be used for the final design of bridges, culverts and similar 
 structures are not an integral part of a storm drain system and provided 

that the contributing watershed either is, or expected to become, predominately 75% urban in 
structures where such

nature. 

7.13.3   Typical Equations and Characteristics 

The nationwide equations for urban conditions (see Table 7-8) take the following general form: 

 TABLE 7-8 ⎯ USGS Nationwide Regression Equations For Urban Conditions 
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Standard Peak Runoff Equation R2 Error %

UQ2  = 2.35A0.41 SL0.17 (RI2 + 3)2.04 (ST + 8)-0.65 (13 − BDF)-0.32 IA0.15 RQ2
0.47 0.93 38 

UQ5  = 2.70A  SL  (RI2 + 3)  (ST + 8)  (13 − BDF)  IA  RQ5 0.93 38 0.35 0.16 1.86 -0.59 -0.31 0.11 0.54

UQ10 = 2.99A0.32 SL0.15 (RI2 + 3)1.75 (ST + 8)-0.57 (13 − BDF)-0.30 IA0.09 RQ10
0.58 0.93 38 

UQ25 = 2.78A0.31 SL0.15 (RI2 29 IA0.07 RQ25
0.60 0.93 40  + 3)1.76 (ST + 8)-0.55 (13 − BDF)-0.

UQ50 = 2.67A0.29 SL0.15 (RI2 + 3)1.74 (ST + 8)-0.53 (13 − BDF)-0.28 IA0.06 RQ50
0.62 0.92 42 

UQ100= 2.50A0.29 SL0.15 (RI2 + 3)1.76 (ST + 8)-0.52 (13 − BDF)-0.28 IA0.06 RQ1
0.6

00
3 0.92 44 

UQ500= 2.27A0.29 SL0.16 (RI2 + 3)1.86 (ST + 8)-0.54 (13 − BDF)-0.27 IA0.05 RQ500
0.63 0.90 49 

 

UQ b1 b2 b3 b4 b5
T = (Coef) CA  SL  (RI2 + 3)  (ST + 8)  (13 − BDF)  IA  RQb6

T
b7    

UQT = peak discharge, in ft3/s, for the urban watershed for recurrence interval T 

 

 A   =  contributing drainage area, in mi2  

are 10% and 
 

han 0.0133 ft/ft; 0.0133 ft/ft is used in the equations) 

r occurrence. 

 BDF  = basin development factor, an index of the prevalence of the drainage 

t necessarily mean the basin is non-urban. A 

 IA   = 

 RQT  =  
rban basin and for recurrence interval T 

7.13.4   Procedure

(7.8) 

where: Coef =  Coefficient – See USGS Web Site for equation 

 

C   =  regression constant 

 SL   =  main channel slope, in ft/ft, measured between points that 
85% of the main channel length upstream from the study site (for sites
where SL is greater t

 RI2  =  rainfall intensity, in inches, for the 2-h, 2-y

 ST   = basin storage, the percentage of the drainage basin occupied by lakes, 
reservoirs, swamps and wetlands (channel storage of a temporary nature, 
resulting from detention ponds or roadway embankment, is not included 
in the computation of ST) 

aspects of (a) storm drains, (b) channel improvements, (c) impervious 
channel linings, and (d) curb and gutter streets. The range of BDF is 0 to 
12. A value of zero for BDF indicates that the above drainage aspects are 
not prevalent but does no
value of 12 indicates full development of the drainage aspects throughout 
the basin. 

percentage of the drainage basin occupied by impervious surfaces (e.g., 
houses, buildings, streets, parking lots) 

peak discharge, in ft3/s, for an equivalent rural drainage basin in the same 
hydrologic area as the u

 b1, b2, b3 =  regression exponents 

 

subjectivity will be involved, and field checking imate. 
hree subbasins per basin, and four 

drainage aspects to which codes are assigned in each subbasin, the maximum value for a fully 

The procedure is not intended to require precise measurements. A certain amount of 
should be performed to obtain the best est

The BDF is the sum of the assigned codes; therefore, with t
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developed drainage system would be 12. Conversely, a totally undeveloped drainage system 
would receive a BDF of zero. This rating does not necessarily mean that the basin is unaffected 

3. Calculate peak runoff rates for desired return periods. 

The
dra

7.13.4.1   Channel Improvements 

If channel improvements (e.g., straightening, enlarging, deepening, clearing) are prevalent for 

alent, at least 50% of the main 
drainage channels and principal tributaries must be improved to some degree over natural 

 are not prevalent, then a code of zero is assigned. 
 

channel 
ings is a good indication that channel improvements have been performed and signifies a 

ge system. 

ver, they empty into channels enclosed as box or pipe 
culverts. Where more than 50% of the secondary tributaries within a subbasin consists of storm 

assigned to this aspect; if less than 50%, then a code of Zero. Note 
that, if 50% or more of the main drainage channels and principal tributaries are enclosed, the 

by urbanization. In fact, a basin could be partially urbanized, have some impervious area and 
have some improvement of secondary tributaries, and still have an assigned BDF of zero. The 
following steps are used to apply the nationwide Equations: 

1. Use the USGS regression equations for natural flow conditions to estimate the peak runoff 
rate for an equivalent rural drainage basin (RQT). 

2. Determine input parameters for urban conditions, including main channel slope (SL), rainfall 
intensity (RI2), basin storage (ST), basin development factor (BDF) and impervious area 
(IA). The BDF should be determined from drainage maps and by field inspection of the 
watershed. 

 basin is first divided into thirds (see Figure 7-4) and, within each third, four aspects of the 
inage system are evaluated and assigned a code as follows. 

the main drainage channels and principal tributaries (those that drain directly into the main 
channel), then a code of one is assigned. To be considered prev

conditions. If channel improvements

7.13.4.2   Channel Linings 

If more than 50% of the length of the main drainage and principal tributaries has been lined with 
an impervious material (e.g., concrete), then a code of One is assigned to this aspect. If less 
than 50% of these channels are lined, then a code of Zero is assigned. The presence of 
lin
more highly developed draina

7.13.4.3   Storm Drains 

Storm drains are enclosed drainage structures (usually pipes) frequently used on the secondary 
tributaries that receive drainage directly from streets or parking lots. Many of these drains empty 
into open channels; in some basins, howe

drains, a code of One is 

aspects of channel improvements and channel linings would also be assigned a code of One. 
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Schematic of typical drainage basin shapes and subdivision into basin thirds. Note that stream-
hannel distances within any given third of a basin in the examples are approximately equal but, 
etween basin thirds, the distances are not equal to compensate for relative basin width of the 
irds. 

 more than 50% of a subbasin is urbanized, and if more than 50% of the streets and highways 
 the subbasin are constructed with curbs and gutters, then a code of One would be assigned 

to this aspect. Otherwise, it wo  from curb and gutter streets 
equently empties into storm drains. 

c
b
th
 
 

FIGURE 7-4 ⎯ Basin Subdivision 
 
7.13.4.4   Curb and Gutter 

If
in

uld receive a code of Zero. Drainage
fr

7.14   EXAMPLE PROBLEM ⎯ URBAN REGRESSION EQUATIONS 

Method for computing flows:  USGS Urban Equations 
Drainage basin area: Provo, Utah – at 100 East and 300 West (South East Provo)  
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1. Use WMS (Watershed Modeling System) to define the basin boundaries, get the basin 
area and average basin elevation.   Drainage area: 2.47 Square Miles; Average Basin 

2. Find the main channel slope (SL): SL = 0.0132 ft/ft 

4. Find the storage (ST) if any within the drainage basin: ST = 0 

5. Find the basin BDF by following the procedure outlined above: BDF = 8 

6. Estimate the percent of the area occupied by impervious surfaces, IA = 55%  

7. Find the peak discharge from equivalent rural basin(s) in the area using the USGS rural 

fs; RQ100 = 
78.5 cfs; 

te the run-offs for the various return periods: 

Elevation: 4,722 feet. 

3. Find the rainfall intensity for the 2-hr, 2-yr occurrence (RI2): RI2 = 0.4 in 

regression equation for each return year: 

 RQ2 = 6.9 cfs; RQ5 = 18.2 cfs; RQ10 = 29.5 cfs; RQ25 = 46.9 cfs; RQ50 = 62.5 c

8.  Use the given equations to calcula

UQ2 = 13.9cfs; UQ5 = 24 cfs; UQ10 = 32.8 cfs; UQ25 = 44.1 cfs; UQ50 = 53.3 cfs; UQ100 = 62.8 cfs. 

7.15   DETERMINISTIC METHODS  

7.15.1   Unit Hydrograph - Introduction 

It is sometimes useful or necessary to estimate the runoff hydrograph associated with the peak 
veral methods are available to develop a design 

hydrograph.  Refer to Section 7.5 for a definition of a unit hydrograph. 

A unit hydrograph is a graph of the runoff resulting from a hypothetical storm that has a 

it hydrograph techniques 
described below can be used to approximate the rainfall-runoff response of a particular 

 
 Snyder  

 Time-Area  

 

discharge of a desired frequency. Se

specified duration (e.g., 1 h) and that produces exactly one inch of runoff over the drainage 
area. When a unit hydrograph is shown with units of cubic feet per second, it is implied that the 
ordinates are cubic feet per second per inch of direct runoff. The un

watershed and to predict the flood hydrograph that would result from a design storm of a 
desired frequency. 

Unit hydrogrphs can be developed with the following methods: 

 Stream-flow data combined with a storm 
 Synthetically

 SCS  

 “Fitted” Distributions 



UDOT Manual of Instruction – Roadway Drainage (Customary Units), Hydrology  7-35 
 
 
7.15.2   Application 

Use the unit hydrograph for design when sufficient gaged or synthesized data are not available 
to use an analysis of stream-gaged data procedure or when the watershed involves controls 

ds or reservoirs.  

asins lacking the necessary data to compute a unit 
hydrograph.  Synthetic unit hydrographs were developed from storm and flood records for 

such as detention pon

In rural Utah stream gage data and related storm precipitation for the same basin is rarely 
available, making it hard to compute a unit hydrograph.  Synthetic Unit Hydrogrphs methods are 
available to compute the run-off for b

basins of similar characteristics.  The Soil Conservation Service or Natural Resource 
Conservation Service (SCS or NRCS) is one of the most used synthtic unit hydrograph methods 
and is recommended by this Manual. The method is described in section 7.19 of this chapter. 

7.15.3   Characteristics 

To develop a unit hydrograph for a watershed, corresponding rainfall and runoff records must be 
available for the area. These records consist of flood discharge data at the desired site and 

 contributing watershed for the same flood event. Discharge 
data are plotted against time to produce a flood hydrograph. Rainfall records are usually 

Following is the procedure for construction of a unit hydrograph from rainfall and runoff data: 

DROGRAPH. The normal stream 
baseflow is subtracted from the flood hydrograph to produce a direct runoff 

 
hydrograph to a point directly under the peak at the same slope as the baseflow 

Step 2 

ph into convenient time increments, determining the 
average discharge for each time increment, and multiplying the length of the time 

Step 3 

 of the unit hydrograph will be the 
same, as well as the general shape. Only the magnitude of the discharge 

corresponding rainfall data from the

obtained as rainfall mass curves that can be used to develop a graph of rainfall intensity over 
time (termed a rainfall hyetograph). 

7.16   STREAM-FLOW DATA UNIT HYDROGRAPH 

Step 1 DETERMINATION OF DIRECT RUNOFF HY

hydrograph by drawing a straight line from the beginning of the rising portion of the

curve prior to the beginning of the flood hydrograph. A second straight line is then 
drawn from the end of the first line to connect to the recession limb of the hydrograph 
at a point where the baseflow is equal in magnitude to that where the hydrograph 
began. The direct runoff hydrograph is then determined by subtracting the baseflow 
from the flood hydrograph. 

DETERMINATION OF DIRECT RUNOFF VOLUME. The direct runoff volume is the 
area under the direct runoff hydrograph. The volume is determined by dividing the 
time base of the hydrogra

increment by the average discharge to obtain the volume for that increment. This 
procedure is repeated for each time increment, and the incremental volumes are 
summed to obtain the total direct runoff volume.  

DETERMINATION OF UNIT HYDROGRAPH ORDINATES. The ordinates of the unit 
hydrograph are determined by dividing each ordinate of the flood hydrograph by the 
volume of direct runoff (in inches). The time base
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coordinates will be different. If the direct runoff volume is recomputed as described 
above, the total volume should equal one inch. 

DETERMINATION OF UNIT STORM DURATION. The storm that produced the unit 
hydrograph calculated above will have a specified duration. This duration is the 
length of time that the storm produced direct ru

Step 4 

noff. For example, if all of the rainfall 
during the first 15 min percolated into the ground, the first 15 min would not be part 

tions and is 
subtracted from the storm. 

b. 

have occurred during the runoff event. The Phi index 
method is used to subtract out these losses. The Phi index is defined as the rate 

The duration o
easily determi
been made. O een determined, unit 
hydrographs for other durations can be developed. 

E PROBLEM ⎯ UNIT HYDROGRAPH 

of the storm duration. The unit storm duration can be determined using the rainfall 
hyetograph and the direct runoff hydrograph. Because of the complexity of most 
rainfall records and the difficulty in accurately determining the amount of rainfall that 
is lost through infiltration and depression storage, two fairly simple adjustments are 
made to determine the total depth of rainfall that becomes direct runoff. 

a. The time of the beginning of rainfall and the time of the beginning of the 
corresponding flood hydrograph are compared. Any rainfall occurring prior to the 
beginning of runoff is assumed to be lost due to initial abstrac

The remaining volume of rainfall (the area under the hyetograph) is calculated 
and compared to the volume of direct runoff. The rainfall volume will be greater if 
infiltration and other losses 

of rainfall above which the rainfall volume equals the runoff volume. A straight 
line is drawn to indicate a constant loss rate; the position of this straight line is 
drawn such that the remaining volume under the hyetograph equals the volume 
of direct runoff computed from the direct runoff hydrograph. 

f the unit storm is the time during which the storm produces direct runoff. It is 
ned from the rainfall hyetograph once the two adjustments described above have 
nce a unit hydrograph for a particular storm duration has b

 

 

 

 

 

 

 

 

7.17   EXAMPL
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Figure 7-5 shows a rainfall hyetograph and the resulting direct runoff hydrograph (baseflow 
subtracted) produced by a particular storm over a watershed of 2405 hectares: 

 

FIGURE 7-5 ⎯ Rainfall Hyetograph and Direct Runoff Hydrograph 

A. Determination of Direct Runoff Volume

 Volume =  (0.5)(1377 ft3/s)(3600 s/h)(12.25 − 0.25) h 
    =  29 743 200 ft3

 Equivalent Depth of Runoff

 Depth    = (29 743 200 ft3/5943 ac)(1 ac/43 560 ft2)(12 in/ft) 
    =  1.4 in 

B. Determination of Unit Hydrograph Ordinates

 Q 1 = (1377 ftp / .0 in in = 997.8 ft3/s 

  
0 ft3

3560 ft2)(12 in/ft) 

C. Determination of Storm Duration

3/s)/1.38 

 Check Volume: 

 Volume = (0.5)(997.8 ft3/s)(3600 s/h)(12.25 − 0.25) h 
  =  21 552 48

 Depth   =  (21 552 480 ft3/5943 ac)(1 ac/4
  =  1.0 in 

Because the direct runoff hydrograph begins at 0.25 h, the first increment of rainfall from 0 
epression storage and infiltration). 

The rema fall is: 
to 0.25 h satisfies the initial abstractions (interception, d

ining volume of rain

Volume (depth) =  (0.25 h)(1.2 + 2.1 + 2.8 + 1.6 + 0.4) in/h 
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           =  2 in 

Because the direct runoff volume (depth) is 1.4 in, the remaining 0.6 (2 − 1.4) in must be lost 
due to infiltration during the runoff event. The phi index is adjusted by trial and error to yield 
the desired volume of excess rainfall. For a phi index = 0.5 in/h: 

The duration of the storm producing this rainfall is 1 h. 

7.1

7.1

Excess rainfall = (0.6 + 1.5 + 2.2 + 1.0)(0.25) = 1.3 in 

8   SYNTHETIC UNIT HYDROGRAPH MODELS 

8.1   Basic Inputs 

A ru tion of the instantaneous discharges 
and volumes of stream flow at a point of interest.  Stream flow, in this manual, is the result of 
runoff from a determined set of basin and storm characteristics, and not gage records.   

dures in a program 
) requires a description of both storm and watershed parameters 

formation includes rainfall hyetographs and precipitation aerial adjustments.  

7.1

noff hydrograph is a description of the temporal distribu

 
The development of a runoff model using synthetic unit hydrograph proce
(HEC1 or other models
that affect runoff. 
 
The basic inputs for computing runoff with synthetic unit hydrograph are: 

 Storm duration 
 Rainfall intensity-duration-frequency (idf) 
 Time of concentration 
 Watershed parameters 

 
ther important inO

Following is a discussion of each input and parameters. 
 

8.2    Storm Duration 

Sel st step in storm modeling for a synthetic hydrograph.  The 
eter fall duration is dependent on four factors.   

this 
 basis of the Rational method).  This requirement is necessary to 

esponse from the basin is achieved. 

sponsible for 

 
3. 

ence, or a purely arbitrary 
n 

 

ecting storm duration is the fir
mination of appropriate raind

 
1. Technical.  Except for historical analysis, the minimum required storm duration for a 

basin model is the time of concentration of the total (undivided) watershed (note that 
is the fundamental
assure that a full runoff r

 
2. Statistical.  More research is needed to know what storm duration will generate the 

peak runoff over a certain basin area.  In general, short storms may be re
producing the runoff for 2, and 5,-year, mid-length storms for the 10 and 25-year, and 
longer storms for the 50 and 100-year flood events.   

Standard practice and/or regulatory preference.  A local entity, for example, may 
prefer the use of specific storm duration based on local experi
duration that typically covers all the basin sizes in their jurisdiction.  Likewise, a Regio
may simply prefer a "standardized" storm for simplicity.  The NRCS 24-hour Type II 
distributions generally fall into this category. 
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4. Engineering Judgment. Building on all of the above, engineering judgment is relativ
the critical nature of the project and the consequences of failure.  Due to the 
consequences of failure, dams are typically designed to withstand relatively extreme 
conditions.  Therefore, a twenty-four hour storm duration is probably a more appropri
design consideration for a high hazard dam th

e to 

ate 
an a three-hour duration event that meets 

the minimum technical requirement based on the time of concentration.   
 
7.18.3   Rainfall intensity-duration-frequency 

he duration is selected, the depth for the desired frequency must be determined.  If only 
y information is available, the IDF relationships can either be determined from IDF 
 or by equations typically taking the form of: 

Once t
intensit
curves

 TxDOT Hydraulics Manual 
 

 time of rainfall duration ( in  
            minutes)  

 intensity and duration is simply defined as: 

           

.18.4   Time of Concentration

 
           I = b/ (Tc + d)^e, or  I = b/ (Td + d)^e         1985

Where:   I =  the intensity in in/hr 
              b, c, and d are equation constants for a given frequency and location 

  Tc is the time of concentration OR Td is the
  
             "^" denotes exponential 
 
The rainfall depth for the selected
 

                     D = I  X  Td/ 60 (min/ hr) 
 
Where: D is depth in inches  
 
 
7  

c, is the time required for a particle of water to flow from the 
ydraulically most distant point in the watershed to the outlet or design point. Factors that affect 

gth of flow, the slope of the flow path and the roughness of 
r reaches of a watershed, rainfall characteristics, most notably 

e intensity, may also influence the velocity of the runoff. 

w path.  The designer can 

t shallow depths prior to the point where topography and surface 

 
The time of concentration, t
h
the time of concentration are the len
the flow path. For flow at the uppe
th

Various methods can be used to estimate the time of concentration of a watershed. When 
selecting a method to use in design, it is important to select a method that is appropriate for the 
flow path. Some methods are designed and calibrated to be used for an entire watershed; the 
NRCS lag formula is an example. These methods have tc as the dependent variable. Other 
methods produce a flow velocity for one segment of the principal flo
compute the travel time on that segment, using the length of that segment of the flow path. With 
this method, the time of concentration equals the sum of the travel times on each segment of 
the principal flow path. 

Flow path segments can be divided in three types: 1. Sheet Flow; 2. Shallow Concentrated 
Flow; 3. Open Channel Flow. 

1. Sheet Flow. Sheet flow occurs in the upper reaches of a watershed, over short 
distances and a
characteristics cause the flow to concentrate in rills and swales. The depth of such flow 
is usually less than 2 in.  
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2. Shallow Concentrated Flow. Concentrated flow is runoff that occurs in rills and swales 
and has depths on the order of 1.5 in to 4 in. Part of the principal flow path may include 
pipes or small streams. The travel time through these segments would be computed 
separately.  

3. Open Channels. Streams, canals (including storm drains) and rivers fall into this 
category.  Velocities in open channels are usually determined assuming bank-full 
depths. 

7.18.4.1   Sheet-Flow Travel Time 

Sheet 
sloping  Typically, flow depths will not exceed 2 in. Such flow occurs over relatively 
short distances, rarely more than about 300 ft, but most likely less than 100 ft. Sheet flow rates 

rsion of the kinematic wave equation. The original form of 
the kinematic wave time of concentration is: 

flow is a shallow mass of runoff on a plane surface with the depth uniform across the 
 surface.

are commonly estimated using a ve

6.0

4.0

933.0
⎟
⎠

⎞
⎜
⎝

⎛=
S

nL
I

tc           (7.9) 

in which tc is the time of concentration (minutes), n is the roughness coefficient (ft1/3/s), L is the 
flow length (ft), I is the rainfall intensity (in/h) for a storm that has a return period T and duration 
of tc (minutes), and S i  Table
7-9.  

s the slope of the surface in ft/ft. Values of n can be obtained from  

TABLE 7-9 ⎯ Roughness Coefficients (Manning’s n) For Sheet Flow 

Surface Description n1

Smooth surfaces (concrete, asphalt, gravel, bare soil) 0.011 
Fallow (no residue) 0.05 
Cultivated so
 Residue cover ≤ 20% 
 Residue cover > 20%

0.06 
0.17 

ils:  

 
Grasses: 
 Short grass prairie 

asses 2 0.24  Dense gr
 Bermuda grass 

 
0.15 

0.41 
Range (natural) 0.13 
Woods:3

 Light underbrush 
 Dense underbrush 

 
0.40 
0.80 

1 The n values are a composite of information compiled in Reference (15). 

des species such as weeping lovegrass, bluegrass, buffalo grass, blue grama gra nd native 

er to a height of about 0.1 ft. This is the only part of the plant cover 
that will obstruct sheet flow. 

2 Inclu ss a
grass mixtures. 

3 When selecting n, consider cov
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In Equation 7.9, i depends on tc and tc is not initially known. Therefore

 initial estimate of t  is assumed and used to obt
, the computation of tc is 

an iterative process. An ain i from the intensity-
r

che lue of i. If they are not the same, then the process is repeated until two 

7.18.4.2   Velocity Method 

he velocity method can be used to estimate travel times for sheet flow, shallow concentrated 

c

du ation-frequency curve for the locality. The tc is computed from Equation 7.9  and used to 
ck the initial va

successive tc estimates are the same. 

T
flow, pipe flow or channel flow. It is based on the concept that the travel time (Tt) for a flow 
segment is a function of the length of flow (L) and the velocity (V): 

 
V60

LTt =           (7.10) 

in which Tt, L and V have units of minutes, meters and meters/second, respectively. The travel 
time is computed for the principal flow path. Where the principal flow path consists of segments 
that have different slopes or land covers, the principal flow path should be divided into segments 
and Equation 7.10 used for each flow segment. The time of concentration is then the sum of 
travel times: 

⎟⎟
⎞

⎜⎜
⎛

= ∑ i
k L         (7.11) 

⎠⎝
= ∑

== i1i
ti

k

1i
c V60

Tt

 include a rainfall index such as the 2-yr, 24-hour rainfall depth. A number of 
methods have been developed for estimating the velocity. 

After short distances, sheet flow te
proportions. Such flow is usually referred to as shallow concentrated flow. The velocity of such 

pe: 

-10. 

 been 
obtained, where channels are visible on aerial photographs or where blue lines (indicating 

information can be used to estimate average flow velocity. Average flow velocity is usually 

 

 

in which k is the number of segments and the subscript i refers to the flow segment. 

The velocity of Equation 7.10 is a function of the type of flow (overland, sheet, rill and gully flow, 
channel flow, pipe flow), the roughness of the flow path, and the slope of the flow path. Some 
methods also

nds to concentrate in rills and then gullies of increasing 

flow can be estimated using an empirical relationship between the velocity and the slo

 5.0kSV =            (7.12) 

in which V is the velocity (ft/s) and S is the slope (%). The value of k is a function of the land 
cover, with values for selected land covers given in Table 7

7.18.4.3   Open Channels 

Open channels are assumed to begin where surveyed cross section information has

streams) appear on USGS quadrangle sheets. Manning's equation or water surface profile 

determined for bankfull condition. 
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TABLE 7-10 Intercept Coefficients for Velocity vs. Slope Relationship 
of Equation 7.12 

K Land Cover/Flow Regime 

0.25 Forest with heavy ground litter; hay meadow (overland flow) 

0.5  minimum tillage cultivation; contour or strip cropped; woodland 
(overland flow) 
Trash fallow or

0.7 Short grass pasture (overland flow) 

0.9 Cultivated straight row (overland flow) 

1.0 in 
regions 
Nearly bare and untilled (overland flow); alluvial fans in western mounta

1.5 Grassed waterway (shallow concentrated flow) 

1.61 Unpaved (shallow concentrated flow) 

2.0 Paved area (shallow concentrated flow); small upland gullies 

Manning’s equation i

 

s: 

n
SRV

2/13/249.1
=        (7.13) 

where:  = average velocity, ft/s 
   = h
  A = cross sectional flow area, ft
 P = w
   = s
  = Manning’s roughness coefficient 

After average velocity is computed using Equation 7.13, Tt for the channel segment can be 
estimated using Equation 7.10. 

7.18.4.4   Reservoir or Lake 

 T  for a watershed having a relatively large body of 
d to the upstream end of the lake or 

e is computed using the Equation: 

w gV (7.14) 

of lake or reservoir, ft 
 
Generally, Vw will be high (8 to 30 ft/s). 

One must not overlook the fact that Equation 7.14 only provides for estimating travel time 
across the lake and for the inflow hydrograph to the lake’s outlet. It does not account for the 

V 
R ydraulic radius, ft (equal to A/WP) 

2

 W etted perimeter, ft 
S
n 

lope of the hydraulic grade line, ft/ft 

 

Sometimes, it is necessary to compute a c

water in the flow path. In such cases, T  is computec

reservoir and, for the body of water, the travel tim

( ) 5.0D=       m

where:  Vw = the wave velocity across the water, ft/s 
  g = 32.2 ft/s2

  Dm = mean depth 
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travel time involved with the passage of the inflow hydrograph through spillway storage and the 
reservoir or lake outlet. This time is generally much longer and is added to the travel time across 

 than about 
25% open water), Manning’s equation is more appropriate. For additional discussion of 
Equation 7.14, se 11 ge 142.

a d

the lake. The travel time through lake storage and its outlet can be determined by the storage 
routing procedures in the Storage Chapter. Equation 7.14 can be used for swamps with 
considerable open water but, where the vegetation or debris is relatively thick (less

e Reference ( ), pa  

7.18.5   W tershe  Parameters 

Watershed parameters include: 
 

1. A determination of basin size 
2. A rainfall loss/ land use model

and subdivision 
 for converting precipitation depths to excess runoff 

 a tendency to subdivide a basin with the 
ill result in a more "accurate" model.  Quite often the flows 
rough other portions of the watershed to reach the outlet.  

ach routing techniques may lead to significant errors thus 
ailed subdivision. 

Subdiv lly. 
 
7.18.6 

3. A basin time/ storage response function, or synthetic unit hydrograph (UDOT projects 
will generally use the NRCS dimensionless unit hydrograph model) 
4. Reach routing parameters 

 
Delineating a watershed boundary and determining a basin area is a relatively basic exercise 
and will not be discussed in this section.  The computer program WMS computes basin 
characteristics needed for storm run off simulation.  
 
At times there may be a need to subdivide a watershed because of model limitations, significant 
differences in basin runoff characteristics, or the need to determine a hydrograph at a particular 
point of interest such as a bridge.   There is also
mistaken belief that the practice w
from sub-basins must be routed th
Unless carefully calibrated, the re

sing the improvement from detlo
 

ision is a matter of model intent and engineering judgment and should be used carefu

  Rainfall Hyetographs 

In the R  considered to be uniform over the storm period.  Unit 
, 

 
ution is an example of standardized 

RCS 24-hour Type II distribution may not 

ximum period of rainfall intensity, within the distribution, to 
rographic effects. 

ational method the intensity is
hydrograph techniques, however, can account for variability of the intensity throughout a storm
although the overall depth for a storm will be the same for a given duration for each method.  
Therefore, when using unit hydrograph techniques, it is necessary to determine a rainfall

yetograph or distribution.  The NRCS Type II distribh
distributions that are available for use.  These two distributions are typically described in either 
an incremental or accumulative rainfall format; usually in 15-minute increments.  In addition, 
they are also considered to be dimensionless.  That is, they represent a distribution of one inch 
of rainfall over a 24-hour period to which a design (frequency) rainfall depth can be applied.  
The distribution itself is arranged in a critical pattern with the maximum precipitation period 
occurring just before the midpoint of the storm.   
 

he duration and/or temporal arrangement of the NT
always be statistically appropriate for some local or conditions or basin sizes.  When this occurs, 

 site-specific rainfall distribution and duration may be necessary.   For some sites it may also a
be necessary to relocate the ma
reflect local conditions such as o
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7.18.7   Arial Adjustment 

Point rainfalls represent the DDF/IDF relationship in the immediate vicinity of the "precipitation 
gages" from which they were derived.  Typically, as storms increase in size, the rainfall 
becomes less homogeneous and the average rainfall depth begins to decay.  The use of "point 
rainfalls" is generally considered acceptable for drainage basin/storm sizes less than or equal
10 square miles.  Beyond 10 square miles, rainfall decay begins to become significant. 
 

 to 

ethods for estimating aerial decay generally fall into two categories.  The first is the area/ratio 

he second method includes storm "centering" techniques.  These methods usually include the 
which the storm can be located and re-oriented at various points in 

the basin. The models can also account for generalized variation in rainfall depth  across the 

rtment 

ypically, effective storm area can also approach an upper limiting size. Although there is not 

 limits 

effective 

M
approach, which is usually acceptable for conditions where a uniform or "average" rainfall 
condition can be assumed over the entire basin.  Generally, this assumption is appropriate for 
basin areas ranging from 10 to 100 square miles.  Technical Report 40 contains some 
information for aerial adjustment using this procedure.  
 
T
development of a model in 

basin.  One such model is Application of Probable Maximum Precipitation Estimates - United 
States East of the 105th Meridian, NOAA Hydrometeorological Report No. 52, U.S. Depa
of Commerce, national Oceanic and Atmospheric Administration, and U.S. Army Corps of 
Engineers, 1962 (HMR52). This model also includes an associated computer program.  
 
T
much information on the subject, the upper limit is possibly in the 1000 to 5000 square mile 
range depending on depth, duration, etc. The understanding of areal decay and storm size
(the physical process) is important to not only unit hydrograph procedure, but also to other 
methodologies; especially the development of regression equations and the concept of 
contributing drainage area.  
 
At this time, the Hydraulics Section should be contacted for assistance with aerial adjustment, 
especially if a basin is over 100 square miles. 

7.19   NRCS UNIT HYDROGRAPH 

7.19.1   Introduction 

Techniques developed by NRCS for calculating rates of runoff require the same basic data 
the Rational method ⎯ drainage area, a runoff factor, time of concentration and rainfall. The 
NRCS approach, however, is more sophisticated in that it considers also the time distribution of 
the rainfall, the initial rainfall losses to interception and depression storage and an infiltration 
rate that decreases during the course of a storm. With the NRCS method, the direct runoff can 

e calculated for any storm, either real or fabricated, by sub

as 

tracting infiltration and other losses 
in 

The rules regarding the use and application of loss models for a particular basin are in many 
rs such as storm duration.  There are, for example, 

technical, statistical, political, and design philosophy issues. 

There are several loss models available for consideration.  The primary model used by UDOT is 

b
from the rainfall to obtain the precipitation excess. Details of the methodology can be found 
Reference (14). 

ways similar to those for other paramete

 

the NRCS Curve Number (CN) procedure.  The number represents runoff losses based on land 
use, soil moisture, etc.  The actual number derived by the standard procedures represents a 
loss function for average antecedent moisture conditions (AMC II in NRCS terminology).  Dry 
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conditions are represented by AMC I, and wet conditions are represented by AMC III 
designations. 
 
The actual soil conditions of a basin are important when trying to correlate results from a 
deterministic model with statistical expectation that might be indicated by a deterministic method 
such as the use of regression equations.   
 
Some consideration of the model loss method and storm duration should also be given.  
Generally, models using shorter storms may consider wetter soil conditions if the statistical 
length of site-specific storms is in question.  Longer storms, such as those represented by th

RCS 24-hour duration usually contain sufficient volume to a
e 

ccount for the eventual saturation 

ation

N
of the soil, and drier initial conditions may be more appropriate. 
 
Another consideration in regard to storm duration regards the total loss modeled by the NRCS 
method.  Note that the total loss is precipitation depth dependent only. 
 

.19.2   7 Applic  

 a specified time. A dimensionless 
ss unit 

 any 

 size, shape and slope of the 
ibutary drainage area. The most significant characteristics affecting the dimensionless 

e 
. Steep slopes, compact 

hape and an efficient drainage network tend to make lag time short and peaks high; flat slopes, 
an inefficient drainage network tend to make lag time long and peaks low. 

Two types of hydrographs are used in the NRCS procedure, unit hydrographs and 
dimensionless hydrographs. A unit hydrograph represents the time distribution of flow resulting 

om 1 in of direct runoff occurring over the watershed infr
hydrograph represents the composite of many unit hydrographs. The dimensionle
hydrograph is plotted in non-dimensional units of time versus time to peak and discharge at
time versus peak discharge. 

Characteristics of the dimensionless hydrograph vary with the
tr
hydrograph shape are the basin lag and the peak discharge for a given rainfall. Basin lag is th
ime from the center of mass of rainfall excess to the hydrograph peakt

s
elongated shape and 

7.19.3   Equations and Concepts 

The following discussion outlines the equations and basic concepts utilized in the NRCS 
method: 

DRAINAGE AREA. The drainage area of a watershed is determined from topographic maps and 
field surveys. For large drainage areas it might be necessary to divide the area into subdrainage 

ibution is a “typical” time distribution which the 
cords for Utah. Table 7-11 shows both the Type II and Type 

areas to account for major land-use changes, obtain analysis results at different points within 
the drainage area, or locate stormwater drainage facilities and assess their effects on the flood 
flows. Also, a field inspection of existing or proposed drainage systems should be made to 
determine if the natural drainage divides have been altered. These alterations could make 
significant changes in the size and slope of the subdrainage areas. 

RAINFALL. The NRCS method described below is based on a 24-h storm event which has a 
Type II time distribution. The Type II storm distr
NRCS has prepared from rainfall re
III distributions. To use one of these  distributions, it is necessary for the user to obtain the 24-h 
rainfall value (from the figures in Appendix 7.B) for the frequency of the design storm desired. 
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RAINFALL-RUNOFF EQUATION. A relationship between accumulated rainfall and accumulated 
runoff was derived by NRCS from experimental plots for numerous soils and vegetative cover 
conditions. Data for land-treatment measures (e.g., contouring, terracing) from experimental 
watersheds were included. The Equation was developed mainly for small watersheds for which 
only daily rainfall and watershed data are ordinarily available. It was developed from recorded 
storm data that included the total amount of rainfall in a calendar day but not its distribution with 
respect to time. The NRCS runoff equation is therefore a method of estimating direct runoff from 
a 24-h or 1-d storm rainfall. The Equation is: 

  Ia =  initial abstraction including surface storage, interception and infiltration prior 

RCS rainfall-runoff equation becomes: 

 )  
Figure 7-6 shows a graphical solution of this Equation, which enables the precipitation excess 

d watershed curve number are known. 

FIGURE 7-6 ⎯ NRCS Relation Between Direct Runoff, Curve Number and Precipitation 

Q = (P − Ia)2 / (P − Ia) + S    (7.17) 

where: Q  =  accumulated direct runoff, in 
  P  =  accumulated rainfall (potential maximum runoff), in 

to runoff, in 
  S  =  potential maximum retention, in 
The relationship between Ia and S was developed from experimental watershed data. It removes 
the necessity for estimating Ia for common usage. The empirical relationship used in the NRCS 
runoff Equation is: 

 Ia = 0.2S      (7.18) 

Substituting 0.2S for Ia in Equation 7.17, the N

Q = (P – 0.2S)2 / (P + 0.8S  (7.19) 

from a storm to be obtained if the total rainfall an
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TABLE 7-11 ⎯ NRCS 24-Hour Rainfall Distributions 

Note: Table represents the cumulative fraction of rainfall with respect to time. 
 

Fraction of 24-hour Rainfall Time, t 
(hours) Type II Type III 

0 0 0 
2 0.022 0.020 
4 0.048 0.043 
6 0.080 0.072 
7 0.098 0.089 
8 0.120 0.115 

8.5 0.133 0.130 
9 0.147 0.148 

9.5 0.163 0.167 
9.75 0.172 0.178 
10 0.181 0.189 

10.5 0.204 0.216 
11 0.235 0.250 

11.5 0.283 0.298 
11.75 0.393 0.356 

12 0.663 0.500 
12.5 0.735 0.702 
13 0.772 0.751 

13.5 0.799 0.785 
14 0.820 0.811 
16 0.880 0.886 
20 0.952 0.957 
24 1 1 

 
 

7.19.4   Procedure 

Following cussion of procedures e used in the hydrog thod and 
recommended tables and figures. 

7.19.4.1   Runoff Factor 

In hydrograph applications, runoff is often referred to as rainfall excess or e  rainfall, all 
defined as the amount by which rainfall exceeds the capability of the land to infiltrate or 
otherwise retain the rainwater. The principa ical watershed character ffecting the 
relationship between rainfall and runoff are la , land treatment, soil types and land slope. 

Land use is atershed cover, and it in both agricultural and nonagricultural uses. 
Items such as type of vegetation, water surf oads and roofs are all part of the land use. 
Land treatment applies mainly to agricultur  use, and it includes mechanical practices 
(e.g., contouring, terracing) and management practices (e.g., rotation of crops

NRCS uses a combination of soil conditions and land use (ground cover) to assign a runoff 
factor to an area. These runoff factors, called runoff curve numbers (CN), indicate the runoff 
potential of an area when the soil is not frozen. The higher the CN, the higher the runoff 
potential. 

is a dis  that ar raph me

ffective

l phys istics a
nd use

 the w cludes 
aces, r
al land

). 
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Soil properties influence the relationship between rainfall and runoff by affecting the rate of 
infiltration. NR  has divided soils into fou logic soil groups based on infiltration rates 
(Groups A, B, C and D). These Groups were previously described for the Rational method. 

Consideration should be given to the effects of urbanization on the natural hydrologic soil group. 
If heavy equipment can be expected to compact ing construction or if grading will mix 

bsurface soils, appropriate changes should be made in the soil group 
selected. Also, runoff curve numbers vary with the antecedent soil moisture conditions, defined 

more direct runoff there is from a given storm. A 5-d period is 
g antecedent moisture conditions. Antecedent soil moisture 

 a storm; heavy rain falling on a dry soil can change the soil moisture 

 

e of concentration (tc) is defined to be the time required for water to travel from the 

 (7.21) 

CS r hydro

 the soil dur
the surface and su

as the amount of rainfall occurring in a selected period preceding a given storm. In general, the 
greater the antecedent rainfall, the 
used as the minimum for estimatin
conditions also vary during
condition from dry to average to wet during the storm period. 

The following pages give a series of tables related to runoff factors. The first tables (Tables 7-12 
to 7-15) give curve numbers for various land uses. These tables are based on an average 
antecedent moisture condition; i.e., soils that are neither very wet nor very dry when the design
storm begins. Curve numbers should be selected only after a field inspection of the watershed 
and a review of zoning and soil maps. Table 7-16 gives conversion factors to convert average 
curve numbers to wet and dry curve numbers. Table 7-17 gives the antecedent conditions for 
the three classifications. 

7.19.4.2   Time of Concentration 

The average slope within the watershed together with the overall length and retardance of 
overland flow are the major factors affecting the runoff rate through the watershed. In the NRCS 
method, tim
most hydraulically distant point in a watershed to its outlet. Lag (L) can be considered as a 
weighted time of concentration and is related to the physical properties of a watershed (e.g., 
area, length, slope). NRCS derived the following empirical relationship between lag and time of 
concentration: 

L = 0.6 tc      (7.20) 

In small urban areas (less than 2,000 acres or 3.1 square miles), a Curve Number method can 
be used to estimate the time of concentration from watershed lag. In this method, the lag for the 
runoff from an increment of excess rainfall can be considered as the time between the center of 
mass of the excess rainfall increment and the peak of its incremental outflow hydrograph. The 
equation developed by NRCS to estimate lag is: 

L = (l0.8 (S + 1)0.7) / (1900 Y0.5) 
 
where:  L =  lag, h 

 l  =  length of mainstream to farthest divide, ft 
 Y  =  average slope of watershed, % 
 S  =  [(1000/CN) – 10], in 
 CN =  NRCS Curve Number 
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TABLE 7-12 ⎯ Runoff Curve Numbers - Urban Areas1

Cover Description Curve Numbers for Hydrologic Soil Groups 

Cover Type and Hydrologic Condition Average Percent 
Impervious Area2 A B C D 

Fully developed urban areas (vegetation established)      
Open space (lawns, parks, golf courses, cemeteries, etc.)3      

Poor condition (grass cover < 50% )  68 79 86 89 
Fair condition (grass cover 50% to 75%)  49 69 79 84 
Good condition (grass cover > 75%) 4 80  39 61 7

Imperviou     s areas:  
 Paved parking lots, roofs, driveways, etc. 
 (excluding right-of-way)  98 98 98 98 

Streets and roads:      
Paved; curbs and storm drains (excluding right-of-way)  98 98 98 98 

 Paved; open ditches (including right-of-way)  83 89 92 93 
 Gravel (including right-of-way)  76 85 89 91 
 Dirt (including right-of-way)  72 82 87 89 
Western desert urban areas:      

Natural desert landscaping (pervious areas only)  63 77 85 88 
 Artificial dese

des t s  
basi  border

 96 96 96 96 
rt landscaping (impervious weed barrier, 

er hrub with 1- to 2-in sand or gravel mulch and
n s) 

Urban di tri      s cts: 
Commercial 85 89 92 94 95 and business 
Industrial 72 81 88 91 93 

Residential districts by average lot size:      
0.12 acres or less (townhouses) 65 77 85 90 92 
0.25 acres 38 61 75 83 87 
0.33 acres 30 57 72 81 86 
0.5 acres 25 54 70 80 85 
1.0 acres 20 51 68 79 84 
2.0 acres 12 46 65 77 82 

Developing urban areas:      
Newly graded areas (pervious areas only, no vegetation)  77 86 91 94 

Idle lands (CNs are determined using cover types similar to those in Table 7-14).  

 
 
1  Average runoff condition and Ia = 0.2S. 
 

2  The average percent impervious area shown was used to develop the composite CNs. Other 
assumptions are as follows: impervious areas are directly connected to the drainage system, 
impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in 
good hydrologic condition. If the impervious area is not connected, the NRCS method has an 
adjustment to reduce the effect. 

 

3  CNs shown are equivalent to those of pasture. Composite CNs may be computed for other 
combinations of open space cover type.  
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TABLE 7-13 ⎯ Cultivated Agricultural Land1

Cover Description Curve Numbers for Hydrologic 
Soil Group 

Cover Type Treatment2 Hydrologi
Condition B  D c 

3 A  C

Bare soil ⎯ 77 86 94 91 
Poor 76 85 93 90 Fallow Crop residue  

cover (CR) Good 74 8  90 3 88
Poor 72 8  91 1 88

Straight row (SR) 
Good 67 7  89 8 85
Poor 71 80 90 87 

SR + CR 
Good 64 7  85 5 82
Poor 70 79 88 84 

Contoured (C) 
75 86 Good 65 82 

Poor 69 78 87 83 
C + CR 

Good 64 74 85 81 
Poor 66 74 82 80 Contoured & 

Terraced (C & T) Good 62 71 81 78 
Poor 65 73 81 79 

C&T + CR 
Good 61 70 80 77 
Poor 65 7  88 6 84

Small grain SR 
Good 63 75 83 87 
Poor 64 75 86 83 

SR + CR 
Good 60 7  84 2 80
Poor 63 7  85 4 82

C 
Good 61 73 84 81 
Poor 62 7  84 3 81

C + CR 
Good 60 7  83 2 80
Poor 61 7  82 2 79

C&T 
Good 59 7  81 0 78
Poor 60 7  81 1 78

C&T + CR 
Good 58 6  80 9 77
Poor 66 77 89 85 Close-seeded  SR 

od 58 7  85 or broadcast Go 2 81
Poor 64 75 83 85 Legumes or C 

Rotation Good 55 69 78 83 
Poor 63 73 80 83 

Row 
Cro

Good 51 67 76 80 

ps 

Meadow   C&T 

1  Average runoff condition and Ia = 0.2S.  

 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.  

 Hydrologic condition is based on

 

2 
 

3  a combination of factors that affect infiltration and runoff, including (a) 

 Poor:  Factors impair infiltration and tend to increase runoff.  
 Good: Factors encourage average and better than average infiltration and tend to decrease runoff. 

density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of grass or 
closed-seeded legumes in rotations, (d) percent of residue cover on the land surface (good > 20%), 
and (e) degree of roughness. 
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TABLE 7-14 ⎯ Other Agricultural Lands1

 

Cover De Hyd roup scription Curve Numbers for 
rologic Soil G

Cover

c 
on 

A    Type 

Hydrologi
itiCond

B C D 

Poor 8   6 79 86 89 
Fair 9   4 69 79 84 Pasture, grassland ontinuous forage 

for graving 2
od 9   

, or range ⎯ c

Go 3 61 74 80 

Meadow ⎯ contin cted from 
grazing and generally mowed for hay  0   uous grass ⎯ prote 3 58 71 78 

Poor 8   4 67 77 83 
Fair 5   3 56 70 77 Brush ⎯ brush-weed-grass mixture with brush the 

major element 3
od 4   Go 30 48 65 73 

Poor 7   5 73 82 86 
Fair 3   4 65 76 82 Woods ⎯ grass c n (orchard or tree 

farm) 5
ood 2   

ombinatio

G 3 58 72 79 
Poor 5   4 66 77 83 
Fair 6   3 60 73 79 Woods6

od 4   Go 30 55 70 77 

Farmsteads ⎯ bu eways and 
surrounding lots  9   ildings, land, driv ⎯ 5 74 82 86 

 
1  Average runo  and Ia = 0.2S. 
 
2  Poor: < 50% ground cover or heavily grazed with no mulch 
 Fair:  50% to 75% ground cover and not heavily grazed 
 Good: > 75% ground cover and lightly or only occasionally grazed 
 

3  Poor:  < 50% ground cover 
   Fair:  50% to 75% ground cover 
   Good:  > 75% ground cover 
 

4  Actual Curve Number is less than 30; use CN = 30 for runoff computations. 
 

5  CNs shown were computed for areas with 50%  (pasture) cover. Other combinations of 
conditions may be computed from CNs for woo  pasture. 

 

6  Poor:  Forest litter, small trees and brush are destroyed by heavy grazing or reg  burn  
   Fair:  Woods grazed but not burned, and som t litter cove he s
   Good: Woods protected from grazing; litter and brush adequately cover soil. 

ff condition

 grass
ds and

ular ing.
e fores rs t oil. 
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TA s1

 
Hydrologic A3

BLE 7-15 ⎯ Arid and Semiarid Rangeland

Cover Type Condition2 B C D 

Poor  80 87 93 
Fair  71 81 89 Herbaceous ⎯ mix  weeds and low-

growing brush, with brush the minor element 
ture of grass,

Good  62 74 85 
Poor  66 74 79 
Fair  48 57 63 

Oak-aspen ⎯ mountain brush mixture of oak 
brush, aspen, mountain mahogany, bitter brush, 
maple and other brush Good  30 41 48 

Poor  75 85 89 
Fair  58 73 80 Pinyon-juniper ⎯ pinyon, juniper or both; grass 

understory Good  41 61 71 
Poor  67 80 85 
Fair  51 63 70 Sagebrush with grass understory 

Good  35 47 55 
Poor 63 77 85 88 
Fair 55 72 81 86 

Desert shrub ⎯ major plants include saltbush, 
ge, 

rde, mesquite and cactus Good 
greasewood, creosote-bush, blackbrush, bursa
palo ve 49 68 79 84 
 
1  Average runoff condition and Ia = 0.2S 

  Poor: < 30% ground cover (litter, grass and brush overstory) 
   Fair: 30% to 70% ground cover   

Curve Numbers for Group A have been developed only for desert shrub 

t Moisture Conditions 

Corresponding CNs For 

 

2

   Good:  > 70% ground cover 
 
3  
 
 
 

enTABLE 7-16 ⎯ Conversion From Average Anteced
To Dry and Wet Conditions 

CN For Average Conditions 
Dry Wet 

100 100 100 
95 87 98 
90 78 96 
85 70 94 
80 63 91 
75 57 88 
70 51 85 
65 45 82 
60 40 78 
55 35 74 
50 31 70 
45 26 65 
40 22 60 
35 18 55 
30 15 50 
25 12 43 
15 6 30 
5 2 13 

 
Source:  Reference (13). 
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TABLE 7-17  Conditions 
During Growing And Dormant Seasons 

Antecedent 
Condition 

Condition’s 
Description 

eason 5
nt Rainfal  

Dormant Season 
Antecedent Rainfall 

⎯ Rainfall Groups For Antecedent Soil Moisture

Growing S
Antecede

-d 
l

5-d 

Dry 

 of 
 soils are 

dry but not to the wilting point and 
wing or 

han 1.5 in ss th .5 i

An optimum condition
watershed soils, where

when satisfactory plo
cultivation takes place 

Less t Le an 0 n 

Average The average case for annual n to 2 in floods 1.5 i 0.5 in to 1 in 

Wet 
When a heavy rainfall, or light 
rainfall and low temperatures, 
have occurred during the five 

s to a given storm 
er 2 in Over 1 in 

days previou
Ov

Source: Reference

f urban
 hydraulic flow length usually must be determined from 

lowing a field inspection of the area. The modification 
annels but also the length of flow in 

r the effects of urbanization, Equation 7.21, which relates lag 
me and time of concentration, can be used to calculate the time of concentration for use in the 

l time and time of 
oncentration estimation. 

.19.4.3   Triangular Hydrograph Equation 

The triangular hydrograph is a pr s runoff with only one rise, one 
peak and o eometric makeup can be ematically, which 
mak rocesses of estim  discharge rates. NRCS loped the 
following Equation to estimate the peak rate of discharge for an increment of run

qp = 484(q) / (d/2 + L)   (7.22) 

where:  q peak rate of discharge for unit hydrograph, ft3/s 
  A area, mi2

  q storm runoff during time inte l = 1 in for unit hydrograph, 
  d time interval, h 
  L watershed lag, h 
 
This Equation can be used to estimate the peak discharge for the unit hydrograph, which can 
then be used to estimate the peak discharge and hydrograph from the entire watershed. 

The constant 484, or peak rate factor, is valid for the NRCS dimensionless unit hydrograph. Any 
change in the dimensionless unit hydrograph reflecting a change in the percent of volume under 
the rising side uld cause a corresponding cha e in the shape factor asso ed with the 

iangular hydrograph and, therefore, a change in the constant 484. This constant has been 
imately 600 in steep terrain to 300 in very flat swampy country. 

 

 (14). 
 
The lag time can be corrected for the effects o

mount of modifications to the
ization by using Figures 7-7 and 7-8. The 

a
topographic maps or aerial photographs fol

ulic flow length not only includes pipes and chto the hydra
streets and driveways. 

After the lag time is adjusted fo
ti
NRCS method. Section 7.17 discusses alternative procedures for trave
c

7

actical representation of exces
ne recession. Its g

es it very useful in the p
 easily described math

ating  deve
off: 

p  =  
 =  
  =  rva in 
  =  
  =  

wo ng ciat
tr
known to vary from approx
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FIGURE 7-7 ⎯ Factors For Adjusting Lag When Impervious Areas 
Occur In Watershed 

 

 

 

 

 

 

 
 
 
 
 

FIGURE 7-8 ⎯ Factors For Adjusting Lag When The Main Channel 
Has Been Hydraulically Improved 

 
Source: Reference (3). 
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7.20   EXAMPLE PROBLEM ⎯ NRCS UNIT HYDROGRAPH 

Following is an Example problem that illustrates the application of the NRCS Unit Hydrograph to 
estimate peak discharges. 

The concentration point is on the South Cedar Canyon Creek at the north-east edge of the 
borrow pit east of I-70, north of Richfield, Utah. 

 

Import the Digital Elevation Model (DEM) for a into WMS (Watershed 
Modeling System).  Import the image showing the basin area.  While in the DEM module, pull 
down the drainage menu, compute the Topaz to delineate the drainage paths.  Create an outlet 
point on the drainage path.  From the drainage he basins to 
polygons and compute the drainage data.   

The drainage area should be 25.48 square miles. 

Set WMS to the Tree module.  Use the Select asin tool and select the basin.  Pull down the 
HEC1 menu and complete the job control. u, pick: Edit the HEC1 
parameters.   Press: 

 Basin

 average elevation for the 100 year 24 hour storm (from NOAA 
ches.  Press: Define Series, import the NRCS hydrograph series from 

WMS HEC1 tutorial, and pick type II 24 hour rainfall series. 

the drainage basin are

 
 menu, define the basin, change t

 B
 From the HEC1 men

 Data – Verify the correct area 

Precipitation – Enter the
Atlas 14), 3.4 in
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Press: Loss Method, enter the NRCS curve number for the area.  The engineer should 
sample the soil and test its properties.  The soil in this area is classified as AASHTO A-
4(8)Max.  It is a type C because of the high content of clay.  The land is arid and covered 

rcover.  The cover is Fair.  
Use 68 as a curve number.  The ground is 2% to 5% impervious, use 3%.  

he data. 

or many peak discharge estimation methods, the input includes variables to reflect the size of 
ing area, the amount of rainfall, the potential watershed storage and the time-area 

with Junipers, Pinyon Pines and Sage Brushes in the unde

Press Unit Hydrograph and Computer Parameters-Basin Data.  Toggle SCS method and 
press O.K. twice.  Press: Done after entering all t

Pull down the HEC1 menu and run HEC1.  Give a name to the file and save it in a 
convenient directory. 

Following is a portion of the HEC1 output file:  

PEAK FLOW     TIME                          
     MAXIMUM AVERAGE FLOW 
                                       6-HR       24-HR       72-HR     37.25-HR 
+   (CFS)       (HR) +    2943.     14.25 
                  (CFS) 1843.        661.        429.         429.                              
                        (INCHES)     0.672       0.965       0.972        0.972 
                         (AC-FT)       914.       1311.       1320.        1320. 
                         CUMULATIVE AREA =   25.48 SQ MI 
                                                           RUNOFF SUMMARY 
                                                   FLOW IN CUBIC FEET PER SECOND 
                                                TIME IN HOURS,  AREA IN SQUARE MILES 
                             PEAK   TIME OF     AVERAGE FLOW FOR MAXIMUM PERIOD  BASIN     
 MAXIMUM TIME OF   OPERATION       STATION      FLOW     PEAK    AREA      STAGE     MAX STAGE 
+                                                          6-HOUR     24-HOUR     72-HOUR 
          HYDROGRAPH AT 
+                              1B      2943.   14.25        1843.        661.        429.      25.48 
          ROUTED TO 
+                              2R      2943.   14.25        1843.        661.        429.      25.48 
 *** NORMAL END OF HEC-1 *** 
  

7.21   NRCS GRAPHICAL PEAK DISCHARGE METHOD 

F
the contribut
distribution of the watershed. These are often translated into input variables such as the 
drainage area, the depth of rainfall, an index reflecting land use and soil type, and the time of 
concentration. The NRCS Graphical peak discharge method is typical of many peak discharge 
methods that are based on input such as that described. 

7.21.1   Runoff Depth Estimation 

The volume of storm runoff can depend on a number of factors. Certainly, the volume of rainfall 
will be an important factor. For very large watersheds, the volume of runoff from one storm 
event may depend on rainfall that occurred during previous storm events. However, when using 
the design storm approach, the assumption of storm independence is quite common. 

 of runoff. A common assumption in 
hydrolo
(or stor
direct , soil type and antecedent 

In addition to rainfall, other factors affect the volume
gic modeling is that the rainfall available for runoff is separated into three parts ⎯ direct 
m) runoff, initial abstraction and losses. Factors that affect the split between losses and 
runoff include the volume of rainfall, land cover and use
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moistur
interce

7.21.2 

e conditions. Land cover and land use will determine the amount of depression and 
ption storage. 

  Cover Complex Classification 

The NRCS
practice
estimat n subdivided by treatment or 
practice
runoff iated with variation in land treatment. The hydrologic condition 
reflects the level of land management; it is separated into three classes ⎯ poor, fair and good. 
Not all ondition. 

7.21.3 

 cover complex classification consists of three factors ⎯ land use, treatment or 
, and hydrologic condition. Many different land uses are identified in the tables for 

ing runoff curve numbers. Agricultural land uses are ofte
s, such as contoured or straight row; this separation reflects the different hydrologic 

potential that is assoc

of the land uses are separated by treatment or c

  Curve Number Tables 

Table 7
conditio  CN for a wooded 
area w ro  CN would increase to 70. If the 
cover (

7.21.4 

-16 shows the NRCS CN values for the different land uses, treatments and hydrologic 
ns; separate values are given for each soil group. For example, the

ith good cover and soil g up B is 55; for soil group C, the
on soil group B) is poor, e CN will be 66. th

  Estimation of CN Values for Urban Land Uses 

The CN or each of 
these,  
for com . Curve numbers for other 
percentages of imperviousness can approach, with a CN of 
98 used for the impervious areas and the CN  
perviou
groups ly. These are the same CN values for pasture in good 
condition. Thus, the following Equation can be used to compute a weighted CN: 

(7.23) 

 

D soil:  80(0.15) + 98(0.85) = 95 

These are the same values shown in Table 7-12. 

 above for 
commercial land use can be used to illustrate the use of Figure 7-9a for a 85% imperviousness. 

 table (Table 7-12) includes CN values for a number of urban land uses. F
the CN is based on a specific percentage of imperviousness. For example, the CN values
mercial land use are based on an imperviousness of 85%

be computed using a weighted CN 
for open space (good condition) used for the

s portion of the area. Thus, CN values of 39, 61, 74 and 80 are used for hydrologic soil 
 A, B, C and D, respective

 ( ) ( )98ff1CNCN pw +−=  

in which f is the fraction (not percentage) of imperviousness. To show the use of Equation 7.23, 
the CN values for commercial land use with 85% imperviousness are: 

A soil:  39(0.15) + 98(0.85) = 89 
B soil:  61(0.15) + 98(0.85) = 92 
C soil:  74(0.15) + 98(0.85) = 94 

 

Equation 7.23 can be placed in graphical form (see Figure 7-9a). By entering with the 
percentage of imperviousness on the vertical axis at the center of the Figure and moving 
horizontally to the pervious area CN, the composite CN can be read. The examples

For a commercial land area with 60% imperviousness of a B soil, the composite CN would be: 

 ( ) ( ) 836.0984.061CNw =+=  
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The same value can be obtained from Figure 7-9a. 

7.21.5   Effect of Unconnected Impervious Area on Curve Numbers 

Many local drainage policies are requiring runoff that occurs from certain types of impervious 

difying the CN. 

d in the adjustment ⎯ the pervious area CN, the percentage of 
impervious area and the percentage of the imperviousness that is unconnected. Because Figure 

d to drainage areas having percentages of 
imperviousness that are less than 30%. 

land cover (i.e., rooftops, driveways, patios) to be directed to pervious surfaces rather than 
being connected to storm drain systems. Such a policy is based on the belief that disconnecting 
these impervious areas will require smaller and less costly drainage systems and lead both to 
increased groundwater recharge and to improvements in water quality. If disconnecting some 
impervious surfaces will reduce both the peak runoff rates and volumes of direct flood runoff, 
credit should be given in the design of drainage systems. The effect of disconnecting impervious 
surfaces on runoff rates and volumes can be accounted for by mo

There are three variables involve

7-9a for computing composite CN values is based on the pervious area CN and the percentage 
of imperviousness, a correction factor was developed to compute the composite CN. The 
correction is a function of the percentage of unconnected imperviousness, which is shown in 
Figure 7-9b. The use of the correction is limite
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FIGURE 7-9 ⎯ Composite Curve Number Estimation 
(a) all imperviousness area connected to storm drains 

(b) some imperviousness area not connected to storm drain. 
 

As an alternative to Figure 7-9b, the composite curve number (CNc) can be computed by: 
 
 CNc = CNp + (Pi / 100) (98 – CNp) (1 – 0.5R)    for Pi < 30%    (7.24) 
 

7
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in which Pi is the percent imperviousness and R is the ratio of unconnected impervious area to 
the total impervious area. Equation 7.24, like Figure 7-9b, is limited to where the total 
imperviousness (Pi) is less than 30%. 

7.21.6   Ia/P Parameter 

Ia/P is a parameter that is necessary to estimate peak discharge rates. Ia denotes the initial 
abstraction, and P is the 24-h rainfall depth for a selected return period. The Ia/P value can be 
obtained from Table 7-18 for a given CN and P. For a given 24-h rainfall distribution, Ia/P 
represents the fraction of rainfall that must occur before runoff begins. 

7.21.7   Peak Discharge Estimation 

The following Equation can be used to compute a peak discharge with the NRCS method: 

 AQqq up =   (7.25) 

 
in which qp is the peak discharge in ft3/s, qu the unit peak discharge in ft3/s/mi2/in of runoff, A is 
the drainage area in square miles, and Q is the depth of runoff in inches.  

The unit peak discharge is obtained from the following Equation, which requires the time of 
concentration (Tc) in hours and the initial abstraction/rainfall (Ia/P) ratio as input: 

 ( )2
21 )][log(log10 cco TcTcc

uq ++=      (7.26) 

in which the values of Co, C1 and C2 are given in Table 7-19 for various Ia/P ratios. The runoff 
depth (Q) is obtained from Equation 7.17 and is a function of the depth of rainfall P and the 
runoff CN. The Ia/P ratio is obtained either directly by Ia = 0.2S or from Table 7-18; the ratio is a 
function of the CN and the depth of rainfall. 

The peak discharge obtained from Equation 7.25 assumes that the topography is such that 
surface flow into ditches, drains and streams is relatively unimpeded. Where ponding or 
swampy areas occur in the watershed, a considerable amount of the surface runoff may be 
retained in temporary storage. The peak discharge rate should be reduced to reflect this 
condition of increased storage. Values of the pond and swamp adjustment factor (Fp) are 
provided in Table 7-20. The adjustment factor values in Table 7-20 are a function of the percent 
of the total watershed area in ponds and swamps (PPS). If the watershed includes significant 
portions of pond and swamp storage, then the peak discharge of Equation 7.25 can be adjusted 
using the following: 

  (7.27) 

in which qa is th

ppa Fqq =         

e adjusted peak discharge in ft3/s. 
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TABLE 7-18 ⎯  Ia/P for Selected Rainfall Depths and Curve Numbers 

Curve Number 
Rainfall (in) 

40 45 50 55 60 65 70 75 80 85 90 95 
0.4 * * * * * * * * * * * .27 
0.8 * * * * * * * * * .45 .28 .13 
1.2 * * * * * * * * .42 .30 .19 + 
1.6 * * * * * * * .42 .32 .22 .14 + 
2.0 * * * * * * .44 .34 .25 .18 .11 + 
2.4 * * * * * .46 .36 .28 .21 .15 + + 
2.8 * * * * .48 .39 .31 .24 .18 .13 + + 
3.2 * * * * .42 .34 .27 .21 .16 .11 + + 
3.6 * * * .46 .38 .30 .24 .19 .14 .10 + + 
4.0 * * * .42 .34 .27 .22 .17 .13 + + + 
4.4 * .46 .38 .31 .25 .20 .15 .12 + + * + 
4.8 * * .42 .35 .28 .23 .18 .14 .11 + + + 
5.2 * .48 .39 .32 .26 .21 .17 .13 .10 + + + 
5.6 * .44 .36 .30 .24 .20 .16 .12 + + + + 
6.0 * .41 .34 .28 .23 .18 .15 .11 + + + + 
6.4 .48 .39 .32 .26 .21 .17 .14 .11 + + + + 
6.8 .45 .37 .30 .24 .20 .16 .13 .10 + + + + 
7.2 .42 .34 .28 .23 .19 .15 .12 + + + + + 
7.6 .40 .33 .27 .22 . + 18 .14 .11 + + + + 
8.0 .38 .31 21  + .25 .  .17 .14 .11 + + + +
8.4 .36 .30 .24 .20 .16 .13 .10 + + + + + 
8.8 .35 .28 .23 .19 .15 .12 .10 + + + + + 
9.2 .33 .27 .22 .18 .15 .12 + + + + + + 
9.6 .32 .26 .21 .17 .14 .11 + + + + + + 

10.0 .30 .25 .20 .17 .14 .11 + + + + + + 
10.4 .29 .24 .20 .16 .13 .11 + + + + + + 
10.8 .28 .23 .19 .15 .13 .10 + + + + + + 
11.0 .27 .22 .18 .15 .12 .10 + + + + + + 
11.4 .26 .21 .18 .14 .12 + + + + + + + 
11.8 .25 .21 .17 .14 .11 + + + + + + + 
12.2 .25 .20 .16 .13 .11 + + + + + + + 
12.6 .24 .19 .16 .13 .11 + + + + + + + 
13.0 .23 .19 .15 .13 .10 + + + + + + + 
13.4 .22 .18 .15 .12 .10 + + + + + + + 
13.8 .22 .18 .15 .12 .10 + + + + + + + 
14.2 .21 .17 .14 .12 + + + + + + + + 
14.6 .11.21 .17 .14  + + + + + + + + 
15.0 .20 .16 .13 .11 + + + + + + + + 
15.4 .20 .16 .13 .11 + + + + + + + + 
15.7 .19 .16 .13 .10 + + + + + + + + 

 
   * signifies that Ia/P = 0.50 should be used 
   + signifies that Ia/P = 0.10 should be used  



7-62                                                  UDOT Manual of Instruction – Roadway Drainage (Customary Units), Hydrology 
 
 

TAB 26) 
 

Ia/P C0 C C2 

LE 7-19 ⎯ Coefficients for NRCS Peak Discharge Method (Equation 7.

Rainfall type 1 

0.10 2.30550 -0.51429 -0.1175 0 

0.20 2.23537 -0.50387 -0.08929 

0.25 2.18219 -0.48488 8-0.065 9 

0.30 2.10624 -0.45695 3 -0.028 5 

0.35 2.00303 -0.40769 8 0.019 3 

0.40 1.87733 -0.32274 5 0.057 4 

0.45 1.76312 -0.15644 5 0.004 3 

I 

0.50 1.67889 -0.06930   0.0

0.10 2.03250 -0.31583 4 -0.137 8 

0.20 1.91978 -0.28215 2 -0.070 0 

0.25 1.83842 -0.25543 -0.0259 7 

0.30 1.72657 -0.19826 0.02633  

IA 

0.50 1.63417 -0.09100 .0  0

0.10 2.55323 -0.61512 -0.1640 3 

0.30 2.46532 -0.62257 -0.1165 7 

0.35 2.41896 -0.61594 -0.0882 0 

0.40 2.36409 -0.59857 -0.0562 1 

0.45 2.29238 -0.57005 -0.0228 1 

II 

0.50 2.20282 -0.51599 -0.0125 9 

0.10 2.47317 -0.51848 -0.1708 3 

0.30 2.39628 -0.51202 -0.1324 5 

0.35 2.35477 -0.49735 -0.1198 5 

0.40 2.30726 -0.46541 -0.1109 4 

0.45 2.24876 -0.41314 -0.1150 8 

III 

0.50 2.17772 -0.36803 -0.0952 5 
 

TABLE 7 ⎯ ju e c Fp r P d a  Sw p 
Are h e ea ro ho the ate ed

 

re po nd m

-20  Ad stm nt Fa tor ( ) fo on nd am
as t at ar Spr d Th ug ut  W rsh  

A a of nd a  swa p (%)  
F  p

0 1.00 
0.2 0.97 
1.0 0.87 
3.0 0.75 

5.0 0.72 
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The N t, the 
accuracy of estimated peak discharges decreas s. The method should be used on watersheds 
that are homogeneous in CN; where parts of the watershed have CNs that differ by 5, the 
watershed should be subdivided and analyzed using a hydrograph method such as TR-20. The 
NRCS methods should be used on en th 0 o and  greater than 
0.1 h and less than 10 h. Also, the uted v a/P  be  and 0.5. The 
method should be used only when t tersh ne nel  there are two 
main channels that have nearly equal times of ion; otherwise, a hydrograph method 
should be used. Other methods should also  wh nel oir routing is 
required or where watershed storag ither an ated low path used 
to compute the Tc. 

7.22   EXAMPLE PROBLEM — NRCS GRAPHICAL PEAK DISCHARGE METHOD 

Following is an Example problem lustra ppli the raphical Peak 
Discharge Method to calculated peak discharge

A small watershed (17.6 acre) is be following land uses:  9.6 
ha of residential (0.25-acre lots) and cre o tial ots) velopment will 
necessitate upgrading of the drain f a lo ay tlet of the watershed. The 
peak discharge for a 10-yr return period is determined using the NRCS Graphical Method. 

The weighted CN is computed using N va able

Land Cove  (acre oil G (A)(CN) 

RCS method has a number of limitations. When these conditions are not me
e

ly wh e CN is 5 r greater  the Tc is
comp alue of I should be tween 0.1
he wa ed has o main chan  or where

 concentrat
 be used ere chan  or reserv

e is e greater th 5% or loc  on the f

that il tes the a cation of NRCS G
s. 

ing developed and will include the 
 8.0 a f residen (0.5-acre l .  The de

age o cal roadw  at the ou

 the C lues of T  7-12: 

r Area A ) S roup CN 
Residential (0.5-acre lots) 
Residential (0.25-acre lots) .6 

C 
B

640 
720 

8.0 
9  

80 
75 

 17.6 1360   
 
The weighted CN is: 
 

 
( )( )

)77use(3.77
6.17

1360
A
CNA

CNw ===
∑

∑

 
The time of concentration is com  usin loci  fo ns along the 

rincipal flowpath: 

Land Cover (ft/s) 
Tt 
(h) 

 

puted g the ve ty method r conditio
p

Slope 
(%) 

Length 
(ft) 

k for 
V =  kS0.5

V 

Woodland (overland 2.3 82 0.5 0.076 0.30 
Grassed waterway 5 0.217 0.35 2.1 275 1.
Grassed waterway 1.8 250  0.20 0.35 1.5
Concrete-lined channel 1.8 50 15.4 0.0009 ⎯ 
  657  1.00  

 
The velocity was computed for the concrete-lined channel using Manning’s equation, with n = 
0.013 and hydraulic radius of 1 ft. The sum of the travel times for the principal flowpath is 0.261 
hours. 
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The rainfall depth is obtained from an IDF curve for the locality using a duration of 24 h and a 
10-yr return period. (Note that the Tc is not used to find the rainfall depth when using the NRCS 
Graphical method. A duration of 24 h is used.)  For this Example, a 10-yr rainfall depth of 4.8 in 
is assumed. For a CN of 77, S = 3.0 in and Ia = 0.6 in. Thus, Ia/P = 0.13. The rainfall depth is 
computed with Equation 7.19: 

( ) ( ) in
SP

SPQ 45.2
)3(8.08.4

)3(2.08.4
8.0

2.0 22

=
+
−

=
+
−

=  

The unit peak discharge is computed with Equation 7.26: 
 

( )2)]1[log(164.0)1log(6151.0553.210 −−= u

  inmisft ///357 23=   

q  

7.23.1   Introduction 

recommended for estimating the design storm peak runoff for areas as 
ethod, while first introduced in 1889, is still used many eng ing 

ffices in the United States. Even though it has frequently come under criticism for its simplistic 
pproach, no other drainage design method has received such widespread use. 

.23.2   Application

 
Thus, the peak discharge is: 
 
 )45.2)(068.0(///357 223 inmiinmisftAQqq up ==  

 sft /5.59 3=  

7.23   RATIONAL METHOD 
 

The Rational method is 
large as 300 acres. This m  in ineer
o
a

7  

ome precautions should be considered when applying the Rational method. 

he first step in applying the Rational method is to obtain a good topographic map and define 

In determining surface characteris r the d  area, ht should  given to ure 
changes  that might occur during the service lif roposed facility that could 

ate drainage sy . In addition, the effec  upstream detention facilities 
. 

tural flow (e. ighway crossings and dams that exist in the drainage 
ated to see e

he charts, graphs and tables included in this Section are not intended to replace reasonable 

S

T
the boundaries of the drainage area in question. A field inspection of the area should also be 
made to determine if the natural drainage divides have been altered. 

tics fo rainage thoug be fut
 in land use e of the p

result in an inadequ stem ts of
can be considered

Restrictions to the na
 be investig

g., h
how they affarea) should ct the design flows. 

T
and prudent engineering judgment that should permeate each step in the design process. 
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7.23.3   Characteristics 

Characteristics of the Rational method which limit its use to 300 acres include: 

(1) The rate of runoff resulting from any rainfall intensity is a maximum when the rainfall 
intensity lasts as long or longer than the time of concentration. That is, the entire drainage 
area does not contribute to the peak discharge until the time of concentration has elapsed. 

This assumption limits the size of the drainage basin that can be evaluated by the Rational 
method. For large drainage areas, the time of concentration can be so large that constant 

nd shorter more intense rainfalls can 
produce larger peak flows. Further, in semi-arid and arid regions, storm cells are relatively 
small with extreme intensity variations thus making the Rational method inappropriate for 

tersheds greater than approximately 300 acres. 

) The frequency of peak discharges is the same as that of the rainfall intensity for the given 

Frequencies of peak discharges depend on rainfall frequencies, antecedent moisture 
conditions in the watershed and the response characteristics of the drainage system. For 
small and largely impervious areas, rainfall frequency is the dominant factor. For larger 
drainage basins, the response characteristics control. For drainage areas with few 

urban development), antecedent moisture conditions usually 
 events with a return period of ten years or less. 

fall that becomes runoff (C) is independent of rainfall intensity or volume. 

use conditions. 
and tables have been established but seldom, if ever, have they been 
pirical evidence. 

, in some instances, rural 

rainfall intensities for such long periods do not occur a

wa

(2
time of concentration. 

impervious surfaces (less 
govern, especially for rainfall

(3) The fraction of rain

The assumption is reasonable for impervious areas (e.g., streets, rooftops, parking lots). For 
pervious areas, the fraction of runoff varies with rainfall intensity and the accumulated 
volume of rainfall. Thus, the art necessary for application of the Rational method involves 
the selection of a coefficient that is appropriate for the storm, soil and land-
Many guidelines 
supported with em

(4) The peak rate of runoff is sufficient information for the design. 

Modern drainage practice often includes detention of urban storm runoff to reduce the peak 
rate of runoff downstream. With only the peak rate of runoff, the Rational method severely 
limits the evaluation of design alternatives available in urban and
drainage design. 

7.23.4   Equation 

The Rational formula estimates the peak rate of runoff at any location in a watershed as a 

ed as follows: 

where: Q = maximum rate of runoff, ft3/s 

function of the drainage area, runoff coefficient and mean rainfall intensity for a duration equal to 
the time of concentration (the time required for water to flow from the most remote point of the 
basin to the location being analyzed). The Rational formula is express

Q = CIA   (7.15) 
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 C =  runoff coefficient representing a ratio of runoff to rainfall 

ncentration for a 
selected return period, in/h 

 

7.23.5   Infrequent Storm

 I =  average rainfall intensity for a duration equal to the time of co

A =  drainage area tributary to the design location, ha 

 

The
freq
bec
(19)
mu requency factor Cf. The Rational formula 
now becomes: 

)  

 coefficients given in Tables 7-23 through 7-25 are applicable for storms of 5-yr to 10-yr 
uencies. Less frequent, higher intensity storms will require modification of the coefficient 
ause infiltration and other losses have a proportionally smaller effect on runoff Reference 
. The adjustment of the Rational method for use with major storms can be made by 

ltiplying the right side of the Rational formula by a f

Q = CCfIA  (7.16

Cf values are listed in Table 7-21. 

TABLE 7-21 ⎯ Frequency Factors for Rational Formula 

Recurrence Interval (years) Cf 
25 1.1 
50 1.2 

100 1.25 
 

The

TAB

oups Series Name Hydrologic Groups 

 product of Cf times C shall not exceed 1.0. 

LE 7-22 ⎯ Hydrologic Soils Groups For 

Example for Orange County, North Carolina 

Series Name Hydrologic Gr
Altavista 
Appling 

C 
B 

Herndon 
Hiwassee 

Cecil 
Chewacla 

B 
C 

Iredell 
Lignum 

D 
C 

B 
B 

 
 

⎯ Recommended Coefficient of Runoff for Pervious Surfaces 
 Selected Hydrologic Soil Groupings and Slope Ranges) 

A B C D 

TABLE 7-23 
(By

Slope 
Flat 

(0% − 1%) 0.04 − 0.09 0.07 − 0.12 0.11 − 0.16 0.15 − 0.20 

Average 
(2% − 6%) 0.09 − 0.14 0.12 − 0.17 0.16 − 0.21 0.20 – 0.25 

Steep 
(Over 6%) 0.13 – 0.18 0.18 – 0.24 0.23 – 0.31 0.28 – 0.38 

 
Source:  (Example from Storm Drainage Design Manual, Erie and Niagara Counties Regional 

 
Planning Board) 
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TABLE 7-24 ⎯ Recommended Coefficient of Runoff Values 
(For Various Selected Land Uses) 

Description of Area Runoff Coefficients 
Business:  Downtow 0.70 – 0.95 n areas 
Neig d area 0.50 – 0.70 hborhoo s 
R Single-family areas 0.30 – 0.50 esidential: 
  Multi units, detached 0.40 – 0.60 
  Multi units, attached 0.60 – 0.75 
  Suburban 0.25 – 0.40 
Residential (0.5 ha lots or more) 0.30 – 0.45 
Apartment dwelling areas 0.50 – 0.70 
Industrial: Light areas 0.50 – 0.80 
  Heavy areas 0.60 – 0.90 
Parks, cemeteries 0.10 – 0.25 
Playgrounds 0.20 – 0.40 
Railroad yard areas 0.20 – 0.40 
Unimproved areas 0.10 – 0.30 
 
Source:  Reference (3)
 

TABLE 7-25 ⎯ Coefficients for Composite Runoff Analysis 

nts 

. 

Surface Runoff Coefficie
Streets: Asphalt 0.70 – 0.95 
  Co 0 – 0.95 ncrete 0.8
Drives and walks 5 – 0.85 0.7
Roofs 5 – 0.95 0.7
 

ource: Reference (3). 
 

7.23.6   Procedures

S

 

The results of using the Rational formula to estimate peak discharges are very sensitive to the 
parameters used, espec  The designer must use 
good judgment in estimating values tha  the method. Following is a 
discuss  different variables ed in the Rational

7.23.6.1  of Concentration 

he time of concentration is the time required for water to flow from the hydraulically most 
mote point of the drainage area to the point under investigation. Use of the Rational formula 

requires n. The 
duration of rain o estimate the 
design average rainfall intensity (I). For a sp inage basin, the time of con tration 
consist im me of fl ed cond channe gn 
point. Inlet time is the time required for runoff to flow over the surface to the nearest inlet and is 
prim ction of f overla  slope o ge basi ce 
cover. Pipe  
conduit or channel. 

d 
e inlet time. After first determining the average flow velocity in the pipe or 

channel, the travel time is obtained by divid  

ially time of concentration and runoff coefficient.
 engineering t are used in

ion of the  us  method. 

  Time

T
re

 the time of concentration (tc) for each design point within the drainage basi
fall is then set equal to the time of concentration and is used t

ecific dra cen
s of an inlet t e plus the ti ow in a clos uit or open l to the desi

arily a fun
or open channel flow time can be 

the length o nd flow, the f the draina n and surfa
estimated from the hydraulic properties of the

To obtain the total time of concentration, the pipe or open channel flow time must be calculate
and added to th

ing velocity into the pipe or channel length.
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Manning’s equa  discussion of 
Manning’s equation. 

 on an entire watershed can k discharges 
of the watershed. Such cases may occur with 

ogeneous land use and ble slopes. 

ate changes in overland fl ften, the land will 
rcept the natural contour and conduct the water to the streets, 
ncentration. Designers should identify constructed topographic 
w characteristics in their design. 

for a discussion on time of concentration. 

ntensity 

 is the average rainfall rate (in/h) for a duration equal to the time of 
ted return period. Once a particular return period has been selected for 

esign and a time of concentration calculated for the drainage area, the rainfall intensity can be 
determined from rve is given in 
Figure 7-10; other c  use by the Department are given in

tion can be used to determine velocity. See Chapter 8 for a

In some cases
 considering only a portion 

, estimates based result in lower pea
than might result in
highly irregular watershed shapes, non-hom  highly varia

Development within a watershed may cre ow paths. O
be graded and swales will inte
which reduces the time of co
changes and include present flo

See Section 7.17 

7.23.6.2   Rainfall I

The rainfall intensity (I)
concentration for a selec
d

 Rainfall-Intensity-Duration curves. An example of such a cu
urves for  Appendix 7.B. 

 

FIGURE 7-10 — Intensity Duration Curve 
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7.23.6.3   Runoff Coefficient 

The runoff coefficient, C, is the variable of the Rational method least amenable to precise 

wing 
discussion considers only the effects of soil groups, land use and average land slope. 

f for pervious surfaces by selected 
hydrologic soil groupings and slope ranges. From this Table, the C values for non-urban areas 

land, open space) can be determined. Soil properties influence the 
relationship between runoff and rainfall because soils have differing rates of infiltration. 

Group B  Soils having a moderately low runoff potential due to moderate infiltration rates. 
These soils consist primarily of moderately deep to deep, moderately well to well-
drained soils with moderately fine to moderately coarse textures. 

Group C Soils having a moderately high runoff potential due to slow infiltration rates. These 
soils consist primarily of soils in which a layer exists near the surface that impedes 
the downward movement of water or soils with moderately fine to fine texture. 

Group D Soils having a high runoff potential due to very slow infiltration rates. These soils 
consist primarily of clays with high swelling potential, soils with permanently high 
watertables, soils with a claypan or clay layer at or near the surface and shallow soils 
over nearly impervious parent material. 

As an example, a list of soils for Orange County, North Carolina and their hydrologic 
classification is presented in Table 7-21. Other soil classifications important to the Department 
are given in Appendix 7.C. 

As the slope of the drainage basin increases, the selected C value should also increase. This is 
because, as the slope of the drainage area increases, the velocity of overland and channel flow 
will increase allowing less opportunity for water to infiltrate the ground surface. Thus, more of 
the rainfall will become runoff from the drainage area. 

It is often desirable to develop a composite runoff coefficient based on the percentage of 
different types of surface in the drainage area. Composites can be made with Tables 7-22 and 

more detailed level, composites can be made with Table 7-22 and the coefficients 
ith respect to surface type given in Table 7-24. The composite procedure can be applied to an 

entire drainage area or t  selection of reasonable 
values of the coefficient fo

determination and requires the judgment and understanding of the designer. Although 
engineering judgment will always be required in the selection of runoff coefficients, a typical 
coefficient represents the integrated effects of many drainage basin parameters; the follo

Three methods for determining the runoff coefficient are presented based on soil groups and 
land slope (Tables 7-21 and 7-22), land use (Table 7-23) and a composite coefficient for 
complex watersheds (Table 7-24). 

Table 7-9 gives the recommended coefficient, C, of runof

(e.g., forest land, agricultural 

Infiltration is the movement of water through the soil surface into the soil. Based on infiltration 
rates, NRCS has divided soils into four hydrologic soil groups as follows: 

Group A  Soils having a low runoff potential due to high infiltration rates. These soils consist 
primarily of deep, well-drained sands and gravels. 

7-23. At a 
w

o typical “sample” blocks as a guide to the
r an entire area. 
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7.24   EXAMPLE PROBLEM - RATIONAL METHOD 

Following is an Example problem that illustrates the application of the Rational method to 
estimate peak discharges. 

Preliminary estimates of the maximum rate of runoff are needed at the inlet to a culvert for a 
10-yr and 50-yr return period. 

Site Data

From a topographic map and field survey, the area of the drainage basin upstream from the 
point in question is found to be 50 acres. In addition the following data were measured: 

Length of overland flow = 260 ft   Average overland slope = 0.3% 
Length of grassed waterway = 66 ft  Average grassed waterway slope = 0.5% 

Land Use 

From existing land use maps, land use for the drainage basin was estimated to be: 

Playground 
Residential (1.25-acre lots)    80% 

     20% 

Step 1 Calculate Time of Concentration 

For overland flow (short grass pasture) from Table 7-10, K = 0.213 : 

  

  V = (0.7)(0.3)0.5 = 0.38 ft/s 

min4.11
min)/60)(/38.0( ssftt

For grassed waterway (shallow concentrated flow) from Table 7-19, K = 0.457: 

 V = (1.5)(0.5)0.5

260 ft
==t  

 

  = 1.06 ft/s 

min0.1
/06.1(
66

==
ft

fttt  
min)/60)( ss

  tc   =  tt (overland flow) + tt (grassed waterway) = 12.4 min 

Step 2 Determine Rainfall Intensity 

From Figure 7-10 with duration equal to 21.5 min: 

I10      = 6.3 in/h 
I50    = 7.9 in/h 

Step 3 Determine C, Runoff Coefficient 

A weighted runoff coefficient C for the total drainage area is determined in the 
following table by utilizing the values from Table 7-23: 
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 (1) (2) 
 Percent of Total Weighted 

(3) 
Runoff 

Land Use Land Area Runoff Coefficient Coefficient* 
Residential 
  (0.5-ha lots)   80% 0.30 0.24 

Playground 20% 0.20 0.04 
Total Weighted Runoff 0.28 
*Column 3 equals Column 1 multiplied by Column 2.  
 
Step 4 Determine Peak Runoff 

2)(/3.6

 

eak noff for a 1 m for the given basin. 

) AASH nd Chapter 10 
“Evaluating Highway Effects on Surface Water Environments,” Task Force on Hydrology 
and H dr

(2) Sanja Perica, William Grenney, “Virgin River Basin Regional Flood Frequency Analysis” 
a tm nt of Transportation – Research  

cooperation with University of Utah and Utah State University. 

) Fede o. 2, 
FHW -S

(4) Federal Highway Administration, User’s Manual for HYDRAIN, Integrated Drainage Design 
Computer System, Version 6.1, 1999. 

(5) Interagency Advisory Committee on Water Data, Guidelines for Determining Flood Flow 

Geological Survey, in cooperation with the Federal 
Highway Administration and the Federal Emergency Management Agency, National Flood 
Frequ

(7) King, H.W. and Brater, E.F., Handbook of Hydraulics, Sixth Edition, 1976. 

(8) Newton, D.W. and Herin, Janet C., “Assessment of Commonly Used Methods of 
tional Academy of Sciences, Record Number 896, 

1982. 

 
From the Rational equation: 

 sftaCIAQ /58.3))(28.0( 3
10 ===  creshin

sftacreshinCIACQ f /38.5)0.2)(/9.7)(28.0)(2.1( 3
50 ===  

Note:  Cf = 1.2 from Table 7-20. 

These are the estimates of p ru 0-yr and 50-yr design stor
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